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DIP BRAZING METHOD FOR ALUMINUM OR ITS ALLOY MEMBER 

PURPOSE: To easily clean a flux and to join the surface of ah Al brazing member in a 
brightening state by using the flux of the composition made by specific BaC^, NaCI, KCI 
and fluoride. 

CONSTITUTION: The powder of 55-47% BaCI, 18-22% NaCI and 27-33% KCI by 
weight ratio is melted in an electrode furnace and held at specified temp, by mixing the 
fluoride of 1-20% weight ratio therewith. The Al-Si base aluminum alloy brazing junction 
member preheated at the specified temp, in an air atmosphere electric furnace is 
thereafter dipped in a molten flux and taken off after holding it with its temp. rise. The flux 
is then removed by the cleaning by air cooling, hot water washing and a detergent to clean 
the member surface. As a result in brazing the whole joining part forms a sufficient fillet 
and a strong joining part is obtainable. 
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© Method for continuous drawing of wfre red. 

©A wire rod is payed out from a pay-off stand and 
descaled in a descaling process. After preheating to a 
predetermined temperature by a preheating device, it is 
subjected to a lubrication pretreatment through a zinc 
calcium phosphate solution applied with ultrasonic wave in 
the lubrication pretreatment process. After rinsing process, 

^ the lubrication-pretreated wire rod is coated with a calcium 
stearate or a sodium stearate in lubricating process. There- 

^ after, the wire rod is dried sufficiently in drying process, and 

^ then added with a predies lubricant in wire drawing process 

^ and coiled by a coiler. 
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METHOD FOR CONTINUOUS DRAWING OP WIRE ROD 

The present invention relates to a method for contin- 
uous drawing- of a wire rod for cold- forging, in which the 
5 wire rod (inclusive of a steel bar) is descaled, pretreated 
for lubrication, lubricated and drawn into wire while being 
moved continuously. 

Secondary working for a wire rod for cold-forging is 
performed normally in the order: descaling (pickling) - 
10 lubrication pretreatment - lubrication - drying - wire draw- 
ing - coiling. Among them, pickling, lubrication pretreat- 
ment and lubrication are usually rendered in batch treatment 
system. That is, heretofore, a pickled wire rod coil was 
dipped in a phosphate solution of, for example, zinc phos- 
15 phate and, thereafter, dipped in a lubricate solution of, for 
example, sodium stearate to form a lubricate coating of such 
materials as sodium stearate, zinc stearate, or zinc phos- 
phate on the surface of the wire rod. The batch treatment 
system was heretofore used for the reason that a long period 
20 of reaction was required to obtain a coating having a thick- 
ness sufficient to provide satisfactory lubricating proper- 
ties, this required a longer treatment time and made an 
in-line system difficult. 

Therefore, in, for example, Japanese Patent Public 
25 Disclosure No. 163047/1981 Official Gazette, there is 

proposed a method for performing lubrication pretreatment 
and lubrication in an in-line system to thereby reduce 
equipment cost and improve productivity. This prior art 
method has been put into practical use. This prior art 
30 method is characterized in that, after descaling, a wire rod 
is coated with zinc phosphate (lubrication pretreatment) , 
further coated thereon with calcium stearate at room temper- 
ature (lubrication), and then rapidly dried. In this prior 
art method, it is made possible to reduce running cost, to 
35 coat a required quantity of lubricant in a very short time, 
to dry it in a short time, and to make it in an in-line 
system without extending the entire line unduly. 

According to prior art methods, however, any of the 
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batch treatment system or the in-line system used zinc 
phosphate solution as the lubrication pretreatment, and 
therefore, had a disadvantage that the lubricant coating 
had unsatisfactory resistance to heat. 

Generally in metal wire drawing operation, as describ- 
ed above, lubricant is indispensable to improve the working 
efficiency, to prolong the tool life, and to maintain the 
surface quality of drawn wire. 

The lubricant for wire drawing reduces the friction 
between the dies and the wire rod to thereby make it possi- 
ble to draw the wire rod with a smaller drawing force and 
prevents wear of the dies. m addition to these functions^— - 
the lubricant has important advantage that it remains 
securely as a coating on the surface of the wire after draw- 
15 ing and acts as an effective lubricant during cold forming 
(for example, bolt making) . 

Heretofore, a predies lubricant having metallic soap 
as the main component as follows was normally used in drawing 
wire : J 

20 metallic soap* 60 - 80% (by weight) 

inorganic material: 20 - 40% (by weight) 
additives: several % (by weight) 

in the prior art lubricant for wire drawing having 
metallic soap as the main component in which the metallic 
25 soap displays the basic lubricating properties, stearate or 
palmitinate of alkali earth metals or sodium were normally 
used. The typical inorganic material used in the prior art 
wire drawing lubricant is lime which prevents temperature 
rise in heavy working to thereby prevent adhesion between 
30 the wire rod and the dies and to control the softening 
temperature of the lubricant. The additives used in the 
prior art were one or more of sulfur, molybdenum disulfide 
and graphite which were added to prevent adhesion between 
the wire rod and dies under severe wire drawing conditions 
35 and to improve the lubricating properties. 

However, while the prior art wire drawing lubricant 
having metallic soap as the main component had better 
properties than other wet type lubricants, it was still 
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insufficient in the lubricating properties such as resistance 
to heat produced in drawing and adhesiveness of the lubricant 
coating formed, which made the life of the wire drawing dies 
and the life of the dies for cold-forging subsequent to 
5 drawing relatively short. 

The drawn wire rods are mostly cold- forged into 
products. However, it has become a recent trend that the 
lubricant used in the wire drawing is left adhering onto 
the surface of the wire brought to the cold-forging process 

10 so that the wire can be cold- forged into products without 

adding any lubricant* Therefore, while much better adhesive- 
ness after wire drawing and higher heat-resistance sufficient 
to prevent cracking in the adhering lubricant coating after 
wire drawing have been demanded for the lubricant for wire 

15 drawing, no successful lubricant for wire drawing which 

satisfactorily answer to these demands has been found yet. 

An object of the present invention is to provide a 
method for continuous drawing of wire rod, in which the wire 

20 rod is descaled, pretreated for lubrication, lubricated, 
dried and drawn into wire in an in-line system to thereby 
make it possible to obtain a lubricant coating highly 
resistant to heat and to carry out the wire drawing opera- 
tion efficiently in a shorter period of time than prior art 

2 5 methods . 

Another object of the present invention is to provide 
a lubricant for wire drawing, which is capable of overcoming 
the above-described problems of the prior art lubricants and 
has highly desirable properties such as reduction in fric- 

30 tion, resistance to heat, and deposition and adherence to 
the wire rod, to thereby prolong the life of the dies for 
wire drawing and cold- forging - 

The continuous wire drawing method according to the 
present invention is characterized in that a descaled and 

35 preheated wire rod is pretreated for lubrication by passing 
it through a calcium zinc phosphate solution (Ca/Zn - 0.3 - 
1.0) maintained in the temperature range 70°C - 90 °C and 
added with an ultrasonic wave (frequency: 10-60 KHZ, 
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output: 25 W/l litre solution) . rinsed, lubricated by 
causing calcium stearate to adhere to it at room temperature 

Z STf thr ° U9h " 8 ° alUm Stea " te M1 » tio » -intained 
xn the temperature ranee 70-c - 90-C, dried and then drawn 

! T„ PUrthM ' *" Wi " toWin ' operation, the 

T^'-if f 1Ca " hSVing ™ atalliC SMP " «- «*» component 
added wxtn 1 . 10 welght t „ f a ^^^^ rMln £ 

example. Teflon, polyethylene, nylon, acrylio resin, poly- 
carbonate) is used. 

10 addition" T *"J ' iSO ° Vered th " * •*«• ^»»tn g operation 
addition of a thermoplastic resin to the prior art predies 
lubricant having metallic soan ». «... _ 4 p " 

the 1 U K^<„.»- eca ' l - lle soap as the main component improves 

the lubrxcatxng properties of the lubricant considerably. 
That is, by adding 1 - 10, by weight of a thermoplastic resS 

ttt pradias lubricant ^ ° et ^= -p « 

the main component, th. lubricating properties of the lubri- 
cant such a, reduction of friction and resistance to heat, 
can be greatly improved. ' 

,„ k ■ * daltlon of thormoplastic resin in less than 1, 
20 f -"«i=ient to improve th. lubricating Zo^r- 

txes satisfactorily. On th. oth.r hand, addition of l t ^ 
more than 10% by weight increases th. cost unduly and may 
result xn generation of thermally decomposing gases during 

25 of flu " a "" CO "- f °^- Particularly when any 

25 of fluorxne-contained polymers is used, addition of it in 
a percentage higher than specified above is accompanied by 
the rxsjc of generation of fluorio gas during heat treatment 
after cold-forging, accordingly, great care must be taken 
xn determination of the percentage of addition of the 
30 thermoplastic resin. 

The term -metallic soap" as used herein is to be 
understood to mean metallic salts other than alkali salt, 
of, such as, fatty acid, resin acid and naphthenic acid, 
inclusive of sodium salt of these acids and their mixtures 
35 preferably of common composition (commonly used as wire ' 
drawing lubricant) containing calcium stearate or sodium 
stearate in 90% or more in weight added with one or more of 
aluminum stearate, zinc stearate and barium stearate in 
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several percent by weight. 

Further^ the terra M a predies lubricant having metallic 
soap as the main component " as used herein is to be under- 
stood to mean any of lubricants containing said metallic soap 
5 in 60% or more by weight, inorganic material (such as lime) 
in 20% or more by weight, and several percent of additives 
(one or more of sulfur, molybdenum disulfide and graphite), 
that is, this term is applicable to any of known wire drawing 
lubricants. 

10 The term "thermoplastic resin" as used herein is to 

be understood to apply to any of polyethylene resin, poly- 
propylene resin, fluorine-contained polymers known as Teflon 
(trademark) , polystyrene resin, vinyl acetal resin, poly- 
acrylate resin, polymethacrylate resin, polyvinyl chloride 

15 resin, polyvinylidene chloride resin, polyacrylonitrile 

resin, polyvinylether resin, polyvinylketone resin, polyether 
resin, polycarbonate resin, thermoplastic polyester resin, 
polyamide resin, diene resin, polyurethane resin, and 
silicone resin. These resins are used solely or in combina- 

20 tion of two or more kinds of them. 

The thermoplastic resin is added preferably in the 
form of powder of the size approximately of 10 - 20 ym 
diameter . 

25 The invention will be better understood from the 

following description taken in connection with the accompa- 
nying drawings in which: 

Fig. 1 is a block diagram of the process of the method 
for continuous drawing of wire rod according to the present 
30 invention; 

Fig. 2 is a graph showing the effect of application 
of an ultrasonic wave to lubrication pretreatment in the 
present invention; 

Fig. 3 is a graph showing the relationship between 
35 the frequency of the ultrasonic wave and the zinc calcium 
phosphate coating weight; 

Fig. 4 is a graph showing the relationship between 
Ca/Zn ratio of the calcium zinc phosphate coating and the 
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zinc calcium phosphate coating weight; 

Fig. 5 is a graph showing the relationship between 
the concentration of calcium stearate and the calcium 
s tear ate coating weight; 

Fig. 6 is a graph showing the relationship between 
the treating time of the sodium stearate and the zinc 
stearate coating weight; 

Fig. 7 is a schematic side view of an apparatus for 
ultrasonic pretreatment for lubrication; 

Fig. 8 is a schematic front view of a treating bath; 
Fig. 9 is a graph showing the relationship between 
the quantity of ethylene tetrafluoride resin added to the 
predies lubricant having metallic soap as the main component 
and the drawing force in the wire drawing operation using 
15 the lubricant; 

Fig. 10 is a graph showing the adhesiveness of the 
lubricant coating in the cold- forging process; 

Fig. 11a is a schematic view of the shape of the cut 
wire rod before cold-forging; 
20 Fi S* Hb is a schematic view of the shape of the 

product of the cold- forging; 

Fig. 12 is a graph showing comparatively the results 
of Bowden tests of the materials subjected to wire drawing 
and cold-forging using the lubricant according to the present 
25 invention and the conventional lubricant, respectively; and 

Fig. 13 is a graph showing the results of Bowden tests 
of the material in an example of the present invention. 



30 



With reference now to the drawings and more particu- 
larly to Fig. 1 thereof, there is shown in block diagram 
treating processes of the method according to the present 
invention. As shown, a wire bar is payed out from a pay-off 
stand 1 and descaled in descaling process 2 by, for example, 
shot blasting. Subsequently, the wire rod is preheated by 
35 a preheating device 3 to a predetermined temperature (80°C 
or higher) and then pretreated for lubrication in lubrica- 
tion pretreatment process 4 by passing it through a calcium 
zinc phosphate solution (Ca/Zn - 0.3 - 1.0) added with an 
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ultrasonic wave* The calcium zinc phosphate solution is 
preheated to the temperature 70 - 90°C. Then, after rinsing 
process 5, the pretreated wire rod is lubricated by calcium 
stearate or sodium stearate to adhere thereto in lubricating 

5 process 6. Lubrication by calcium stearate is carried out 
at room temperature. However, sodium stearate is to be 
preheated to 70 - 90°C for lubrication in process 6, After 
lubricated, the wire rod is dried sufficiently in its 
lubricant coating in drying process 7, drawn with a predies 
10 lubricant in wire drawing process 8, and coiled by coiler 9. 

Method of descaling rod used in descaling process 2 
is not limited. Any of pickling, shot blasting and roll 
bending may be used to descale the rod in process 2. Among 
the three methods mentioned above, shot biasing is most 
15 preferable for the phosphate coating in an in-line system. 

The method according to the present invention is 
characterized in that calcium zinc phosphate (Ca/Zn = 0.3 - 
1.0) having a good resistance to heat is used in process 4 
to pretreat the wire rod for lubrication. The temperature 

20 of removing crystal water of the calcium zinc phosphate 

coating is 415 °C while the temperature of removing crystal 
water of the heretofore used zinc phosphate coating is 280 - 
29 0 Q C. This means that the prior art zinc phosphate coating 
is removed of its crystal water by the heat (normally up to 

25 300 °C) developed during wire drawing operation to thereby 

cause cracks in the coating. In contrast to this, since the 
temperature of removing crystal water of the calcium zinc 
phosphate coating according to the present invention is, as 
mentioned above, as high as 415°C, no crack is caused in the 

30 coating by the wire drawing operation. 

The method according to the present invention is 
characterized in that an ultrasonic wave is used in treatment 
to obtain a sufficient zinc calcium phosphate coating weight 
and to control the coating weight. This is because the 

35 calcium zinc phosphite solution is less sensitive to chemical 
conversion treatment than the zinc phosphate solution and is 
more difficult to obtain the coating weight. However, as 
shown in Fig. 2, the zinc calcium phosphate coating weight 
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i. increased by application of the ultrasonic wav^ llrJJ 

colLT ^ Pi9 - 2 the tr^ a :; 

conditions: concentration 160 points, temperature ao-cT and 
frequency of the ultrasonic wave 50 khz at 1 KW 
S As show, in Pig. 3 , a, e fregu Qf the ' ultraaoni „ 

wave applied to the solution i, preferably J*° Ultrasonl ° 
60 KHZ because the frequency lower than Jo L^re^C a " 

The Ca/Zn ratio of the calcium zinc phosphate coati.no 
rs determined to 0.3 - l.o for the reason described below 

IS cal'i 7" ^ relatl ° Mhi * «» Ca/Zn ratio oHhe 

15 calcium zinc phosphate coating (concentration of «. f 

160 points, and the coating weight. ^^t^Z^T 
4 when the Ce/Zn ratio is lower than 0.3, effect of aaditL 
of Ca is small and the resistance to heat is not sufficient 
On the other hand, when the Ca/Zn ratio is higher than lT" 
20 the sensitiveness to chemical conversion treaLentTnou ' 
suf ficient and it i, difficult to obtain a predetermined 
coating weights (> 6 g/ n 2, Ind of metallic soap <> i J*,, 
Accordingly the Ca/Zn ratio of the calcium zinc coatl^ is 
preferably in the range 0.3 - l.o. 

15 h h r S Predetarmil,ed "eight of the calcium zinc 

Phosphate coating weight of 6 g/„2 or larger is obtained 
a short period of time 10 - 20 seconds only when ^concen- 
tration of the calcium sinc phosphate solution is 160 ^ints 
or higher. On the other hand, the concentration of tbf 
0 solut.cn of 200 points or higher is not eccmonical since the 
coating weight in proportion to the increase i* the conce^ 
tration is not obtained. Here, the lower limit of the- coat- 
ing weight of the calcium zinc phosphate coating is prede ! 
_ termined to 6 g/„2. The prior art zinc phosphate coating 
» having lower resistance to heat requires the coating weight 
of the lower limit 7 - 8 g/m*. However, since the ^alciuT 
zinc phosphate coating according to the present invention 
has a high resistance to heat, the coating weight of it can 
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satisfactorily be as low as 6 g/m 2 . 

The apparatus used for ultrasonic pretreatment for 
lubrication in the method according to the present invention 
may take the construction in which, as shown in Figs. 7 and 
5 8, a plurality of ultrasonic wave applying devices 12 are 
disposed vertically or horizontally in pairs in parallel or 
staggered positions on the outer peripheral surface of a 
cylindrical treating bath 11, return pipes 14 are provided 
between treating solution receivers 13 projecting from the 
10 inlet side and the outlet side, respectively, of the treating 
bath 11 and a treating solution tank 15 to collect treating 
solution 19 therethrough, and a pump 16 is provided to supply 
the treating solution from the treating solution tank 15 to 
the treating bath 11 through piping 17. By the apparatus 
15 constructed as described above, the calcium zinc phosphate 
solution is subjected to the ultrasonic wave and agitated, 
* and caused to rapidly adhere to the surface of a wire rod 18 
by cavitation. Further, it is made possible to control the 
coating weight of the calcium zinc phosphate solution by 
20 using or not using the application of the ultrasonic wave 

or by changing the frequency or the output of the ultrasonic 
wave applying device. 

The lubrxcation process is carried out after the 
lubrication pretreatment process by passing the wire rod 
25 either (1) through calcium stearate solution at room temper- 
ature or (2) through sodium stearate solution heated to the 
temperature 70 - 90 *C. 

In lubrication with calcium stearate (1) , as will be 
understood from the relationship between the concentration 
30 and the coating weight shown in Fig. 5, the concentration 
must be 300 g/litre or higher in order to obtain the prede- 
termined coating weight of 5 g/m 2 or higher. While any of 
wet spraying (coating solution) and dry spraying (coating 
powder) can be used to cause calcium stearate to adhere to 
35 the wire rod, coating by wet spraying is preferred in view 
of the coating weight of the lubricant and the adhesiveness 
of the lubricant coating. Treating time of 2 - 3 seconds 
is normally required for physical adhesion. 
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in lubrication with sodium stearate (2), batch treat- 
ment system can be used. i„ this lubrication with sodium 
stearate, substitution takes place between the calcium zinc 
Phosphate coating formed by lubrication pretreatment and the 
5 sodium stearate solution to produce a zinc stearate layer 

which adheres to the surface of the wire rod. i„ this lubri- 

T^' ! ^ n0rmally ******* to obtain the coating weight 
of the substitution product layer of 1 g/m 2 or higher . pQr 

thxs purpose, as seen from the relationship between the 
10 treating time with sodium stearate and the zinc stearate 

coating weight shown i* Fig . 6 , a period of timfi Qf 2Q 

seconds or longer is required. 

The lubrication (1) or (2) above may be omitted in 

the case where a predies lubricant is used during wire draw- 
15 xng process. 

In the method according to the present invention, the 
predxes lubricant is added to increase the heat-resistance 
and lubricating properties. The predies lubricant used in 
the method according to the present invention is the lubri- 
20 cant having metallic soap as the main component added with 
a thermoplastic resin such as Teflon, polyethylene, nylon, 
acrxlxc resin, and polycarbonate in 1 - 1 0 % by weight. The 
thermoplastic resin is added to the metallic soap lubricant 
to make use of the heat-resistance and the low friction 
15 of the thermoplastic resin such, for example, as Teflon. 

Further, the quantity of addition of the thermoplastic resin 
xs determxned to 1 - 10% by weight because addition of it in - 
less than 1% is not sufficient to provide an effect to the 
drawxng force and, on the other hand, while a larger quan- 
go txty of addition of it provides a larger effect, the upper 
ixmxt of the quantity of its addition is determined to 10% 
considering the cost and the fact that the decomposition gas 
of, for example, Teflon is. fluorine gas. 

Fig. 9 shows graphically the relationship between the 
5 quantxty of addition of ethylene tetrafluoride (trademark 
"Teflon", to the wire drawing lubricant containing metallic 
soap as the main component (having the content: calcium 
stearate 70%, lime 27%, and sulfur 3% by weight) and the 
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drawing force required to draw a steel rod (equivalent to 
S45C of JIS - Japanese Industrial Standard) into wire. The 
graph of Fig. 9 shows the results of drawing of said steel 
rod coated with zinc phosphate as the lubrication pretreat- 
5 ment and having the diameter 5.5 nun* into wires with two 
different reduction of area, approximately 20% and approxi- 
mately 30%/ respectively. 

It is clear from Fig. 9 that the required drawing 
force shows the tendency to decrease suddenly when the 

10 quantity of addition of the ethylene tetraf luoride containing 
resin exceeds 1% by weight. This tendency has been confirmed 
to appear likewise when other thermoplastic resin is added. 
While the graph of Fig. 9 shows that the thermoplastic resin 
is added preferably in larger quantity from the view to 

15 increase the. lubrication, the quantity of its addition is 
required to be limited to 10% by weight or less in view of 
the environmental pollution and economy as mentioned 
hereinabove. 

Fig. 10 shows graphically the comparative results of 

20 the adhesiveness of the lubricant coating to the rod being 
worked between the predies lubricant with no resin added 
and the predies lubricant with a thermoplastic resin added. 

The wire drawing lubricant, the thermoplastic resin 
added and the lubrication pretreatment method used in the 

25 tests shown in Fig. 10 were the same as those used in the 
tests of Fig . 9 , and the wire rod used was a boron steel 
equivalent to 10B22M of AISI. The coating weight was measur- 
ed in the manner described below. 

A boron steel rod of the diameter 22 mm* coated with 

30 zinc phosphate or zinc calcium phosphate (pretreatment for 
lubrication) was drawn into rod of 19.5 mm* with the reduc- 
tion of area of approximately 21.4% using both of the predies 
lubricant added with no resin and the predies lubricant added 
with ethylene tetraf luoride containing 3% by weight, and 

35 subjected to cold-forging (extruding to make bolts) during 

which sampling is started to find the rate of residual lubri- 
cant on the drawn rod (extruding reduction of area = 0) at 
each extruding reduction of area. That is, the adhesiveness 
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of the lubricant coating is understood as the following 
ratio : * 



coating weight after extrusion 
Cuatin ? weight to mother material" 

The larger the value of the rate of residual lubricant coat- 
ing is, the better the adhesiveness of the coating is or the 
more the lubricant remains and, accordingly, the less fre- 

ln e th T* T iZUre ° CCUrS ^ COld " f °^ operation. 

In the cold-forging used in the method according to the 

present invention, a rod (diameter: d 0 ) shown in Fig. n a 
is formed to, as shown in Pig. i lb , a bolt-like shape (diam- 
eter of shank: dl ) leaving a head undrawn, with the ratio ' 
of maximum accumulated reduction of area of approximately 
80%. in this case, the ratio of reduction of area is given 
by the formula: given 

15 [i - cJ5L)2] x 10o< 



10 



25 



It xs understood from the results shown in Pig. io 
that the predies lubricant added with ethylene tetraf luoride 
contaxnxng 3% by weight is obviously superior in adhesive- 
ness of the lubricant coating to the lubricant added with no 
20 resin This shows that the addition of the ethylene Te^a- 
fluoride ureases the heat resistance of the lubricant and 
prevents its deterioration by heat generated during working. 

Pig. 12 shows the results of Bowden tests (using a 
Bowden tester for rubbing the surface of the test piece by 
a steel ball to determine the coefficient of friction corre- 
sponding to the number of sliding times) using extruded rods 
obtained by the cold-forging process described above (extru- 
sion reduction of area: approximately 79.5%). 

It is understood from Pig. 12 that the rod coated 
thereon with the predies lubricant added with the ethylene 
tetrafluoride in 3% by weight has obviously lower coefficient 
of friction than the rod coated thereon with the predies 
lubricant added with no such resin and is lower in the rise 
of the coefficient of friction than it. Therefore, Pig 12 
shows that the predies lubricant added with the thermoplastic 
resxn is superior in lubricating properties and adhesiveness 
or its coating. 



30 



35 
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Example 

By the equipment having the line construction shown in 
Fig. 1, using shot blasting for descaling of the wire rod, 
and including the ultrasonic pretreatment apparatus for 
5 lubrication shown in Figs. 7 and 8, a material of 5.5 mm* 
(S45C) was drawn in the following operating conditions into 
rods of 4.95 mm* and 4.6mm*, respectively; 
Operating Conditions : 

(1) Descaling Condition 

10 Shot blasting Material: steel balls 0.3 mm* 

Shot Density : approximately 300 Kg/m 2 

(2) Preheating Condition 

Steam Blowing: at temperature of 80°C 

(3) Lubrication Pretreatment Condition 

15 Lubrication Pretreating Agent: calcium zinc phosphate 

solution (Ca/Zn =0.5) 
Treatment Condition: 160 points (concentration) x 

80°C (temperature) x 15 sec. (reaction time), 

ultrasonic wave:. 50 KHZ, 1 KW 
20 (4) Lubricating Condition 

(i) When using calcium stearate 

Concentration: 300 g/ litre 

Temperature: room temperature 

Time: 3 seconds 

25 (ii) When using sodium stearate 

Concentration: 90 g/litre 

Temperature: 80 °C 

Time: 25 seconds 

(5) Drying Condition 

30 Infrared Drying Furnace: furnace temperature 80 °C 

(6) Wire Drawing Condition 

Predies Lubricant: lubricant having calcium stearate 

as the main component added with Teflon in 3% 
Reduction of Area: 
35 approximately 19% (5.5 mm* + 4.95 mm*) 

approximately 30% (5.5 mm* ■+ 4.6 mm*) 
Wire Drawing Speed: 80 m/mm 
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Table 1 shows the drawing force in the method accord- 
ing to the present invention in comparison with prior art 
method (Lubrication Pretreatment : 2inc phosphate, Predies 
Lubrication: only a lubricant on the market having calcium 
stearate as the main component) . 

Table 1 : Drawing Force 





tbri 


*^^j*atio of Drawing Re due - 
^^T^-^tion of Arec 
eating ConditIoir----^(%) 


, 5.5* + 4.95* 
(approx. 19%) 


5.5* 4.6* 
(approx . 30 % ) 


ition 


1 


calcium zinc phosphating 
— predies lubrication 
added with Teflon 


785 Kg. 


970 Kg 


ent Inver 


2 


caxcium zinc phosphating 
— calcium stearate + 
predies lubrication 
added with Teflon 


770 Kg 


950 Kg 


«j 

0) 

u 


3 


calcium zinc phosphating 
— sodium stearate + 
predies lubrication 
added with Teflon 


730 Kg 


910 Kg 


Prior 
Art 


zinc phosphating — 
ca l<=ium stearate predies 
lubrication 


822.5 Kg 


1032.5 Kg. 



Pig. 10 shows the results of Bowden tests (lubricating 
properties and adhesiveness of the lubricant coating) of the 
rod after winding. Table 2 shows the number of sliding 
times when w » 0.2 in comparison between the method according 
to P res «»* invention and the prior art method. 

Table 2 : Bowden Slidng Times (v=0.2) 



— _Ratio of Reduction 








-^^of Area 


5.5* - 4.95* 


5-5* - 4.6* 


Present 


1 


300 


215 


Invention 


2 


330 


240 




3 


365 


270 


Prior 


Art 


92 


74 
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Table 3 shows the life of each of the wire drawing 
dies and the cold-forging dies used for drawing rods under 
the conditions described above (provided, the drawing reduc- 
tion of area: 5.5* * 4.95*) and then cold-forging them into 
high tension bolt in comparison with such life in the prior 
art. 

Table 3 : Life of Wire Drawing and Cold-Forging Dies 





Wire Drawing Dies 


Cold-Forging Dies 


Present Invention 


50 tons 


800 tons 


r Prior Art 

t 


10 tons 


240 tons 



Life is expressed by tons of products before 
replacement of the dies for wear or damage thereof. 

As will be seen from Tables 1 and 2 and Pig. 13, the 



lubricant coating according to the present invention is 
superior in heat resistance and adhesiveness to the zinc 
10 phosphate coating according to the prior art.' Accordingly, 
the life of the drawing and the cold forging dies is consid- 
erably prolonged in the method according to the present 
invention . 

In the method according to the present invention, as 
15 described hereinabove, since calcium zinc phosphate is used 
as the lubrication pretreating agent, it is made possible to 
obtain a coating having a higher temperature of removing 
crystal water and a higher heat resistance than the zinc 
phospnate coating according to the prior art, and since an 
20 ultrasonic wave applying device is used, it is made possible 
to secure and control freely coating weight of the calcium 
zinc phosphate coating. Further, since the lubricant pre- 
treated rod is lubricated by calcium stearate or dodium 
stearate, the lubricating properties as well as the heat 
25 resistance can be improved. Moreover, since a prior art 
lubricant having metallic soap as the main component added 
with a thermoplastic resin such as Teflon is used as the 
predies lubricant during wire drawing operation, it is made 
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possible to improve the heat resistance and the lubricating 

properties of the lubricant coating and to prolong consid- 
erably the life of the cold-working tools. 

While we have described and illustrated a present 
preferred method of practicing the invention, it is to be 
distinctly understood that the invention is not limited 
thereto but may be otherwise variously practiced within the 
scope of the following claims. 
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We claim: 

1 # A method for continuous drawing of a wire rod, in 

which the wire rod is descaled, pretreated for lubrication, 
lubricated, and drawn into wire while being moved continuous- 
5 ly, said method comprising the processes of: 

pretr eating, after descaling, a preheated wire rod 
for lubrication, by passing it through a calcium zinc phos- 
phate solution heated to 70 - 90°C; 

lubricating, after rinsing said pretreated wire rod 
10 by coating it with a calcium stearate or a sodium stearate; 
and 

drawing, after drying, said lubricated wire rod into 

wire. 

2. A method according to Claim 1, characterized in that 
15 an ultrasonic wave is applied to said calcium zinc phosphate 

solution in said process of pretreatment for lubrication. 

3. A method according to Calim 2, characterized in that 
the ultrasonic wave applied to said calcium zinc phosphate 
solution has the frequency of 10 -60 KHZ and the output of 

20 25 W/l litre solution. 

4. A method according to Claim 1, characterized in that 
said calcium zinc phosphate solution has the ratio (Ca/Zn) 
- 0.3 - 1.0. 

5 # A method according to Claim 1, characterized in that, 

25 in said lubricating process, said pretreated wire rod is 
coated with a calcium stearate at room temperature. 
6. A method according to Claim 1, characterized in that 

said pretreated wire rod is passed through a sodium stearate 
solution heated to 70 - 90 °C to coat it with said solution. 
30 7. A method according to Claim 1, characterized in that, 

in said process for drawing wire after drying, a wire draw- 
ing lubricant having metallic soap as the main component 
added with a thermoplastic resin in 1 - 10% by weight is 
used as the predies lubricant. 
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FIG. 12 
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@ Method for continuous drawing of wire rod. 

© A wire rod is payed out from a pay-off stand and des- 
caled in a descaling process. After preheating to a predeter- 
mined temperature by a preheating device, It is subjected 
to a lubrication pretreatment through a zinc calcium phos- 
phate solution applied with ultrasonic wave in the lubrica- 
tion pretreatment process. After rinsing process, the lubri- 
cation-pretreated wire rod is coated with a calcium s tear ate 
or a sodium stearate in lubricating process. Thereafter, the 
wire rod is dried sufficiently in drying process, and then 

<0 added with a predies lubricant In wire drawing process and 

^| coiled by a coiier. 
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We, The Pyrene Company Limited, a 
British Company, of Great West Road, Brent- 
ford, Middlesex, do hereby declare the inven- 
tion, (a communication from Parker Rust 
Proof Company, a Corporation organised 
under the law* of the State of Michigan, 
United States of America, of 2177 East Mil- 
waukee Avenue, Detroit 11, Michigan, United 
States of America) for which we pray 
that a patent may be granted to us, and the 
method by which it is to be performed, to be 
particularly described in and by the following 
statement: — 

This invention relates to the formation of 
protective coatings on metallic surfaces by 
treating them with an aqueous composition 
which interacts with the surface. 

Hitherto such compositions, which are 
generally solutions of coating-forming in- 
gredients, have been applied either by flooding 
the surface with the aqueous composition, for 
example by immersion or roller coating, or by 
spraying the composition on the surface. Each 
of these methods is still widely used, and each 
has a field of operation in which it represents 
the most economical and most satisfactory 
method of application. However, each of these 
methods has drawbacks. Thus while flooding 
methods are highly satisfactory where heavy 
coating? are desired they are relatively slow, 
while the spray method is faster but is not 
particularly suited for use in the production 
of heavy coatings. 

In both the spray and immersion methods 
the draining of the solution from the surface 
gives rise to problems. Firstly, the draining 
solution tends to flow in small rivulents and 
to form more or less coating in the path of 
flow than on the balance of the surface 
Secondly, where the draining solution leaves 
the surface it tends to form a bead, beneath 
which the thickness of the coating again differs 
from that over the main part of the surface. 
These non-u juTofaities in the coating cause 



difficulties both in painting and in otherwise 
using the coated surface. 

Another problem which is common to both 
spray and immersion application methods is 
that the composition of the solution tends to 
change with continued use, and special steps 
have to be taken to maintain it at its optimum 
composition. For example, certain of the coat- 
ing-forming chemicals in the coating solution 
may be used up faster than others; certain 
non-coatmg-f orming ions may tend to increase 
to detrimental concentrations; the solution 
may undergo oxidation; and foreign ions may 
enter the solution from the surface being 
coated. Oxidation of a coating solution is 
particularly likely to occur when it is sprayed 
through the air. 

These difficulties are overcome according to 
the invention by preheating the surface to be 
coated and applying the aqueous coating com- 
position in the form of finely divided particles, 
the temperature of the surface and the size 
and quantity of the particles being so corre- 
lated that the particles dry substantially in the 
position where they first strike the surface. It 
should be noted that akhough the coatin* 
formed by the particles is dry, it may cantaS 
water of hydration. The conditions are prefer- 
ably such that excess water is driven off sub- 
stantially mstantaneously on contact with the 
surface. By working in mis way flow of the 
coating composition over the surface, and con- 
sequent formation of rivulets and beads is 
avoided, and excess of the composition is not 
drained from the surface for re-use. Provided 
the particles are applied uniformly over the 
surface, the coating will also be uniform 

The thickness of the coating may be in- 
creased by applying further layers of the coat- 
mg composition in the same way. At least the 
first layers of the coating will consist of or 
contain the products of interaction of the coat- 
ing composiuon and the surface, but subse- 
quent layers may consist wholly or largely of 
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solidified coating composition. In some cases 
these dried upper layers may include water- 
soluble components and a part of the coating 
may be removed by rinsing with water, and 

5 with certain combinations of metal and coating 
composition, the coating may be completely 
warer-soluble. If necessary the coating is cured 
after application. 

The process of the invention may be used 

10 to coat both bare metal surfaces and surfaces 
which already have an integral coacing there- 
on. In the former case the coating composition 
must be capable of reacting with the metal 
itself, and in the latter case with the pre- 

15 formed integral coating on the metal. The 
metals that can be coated include all those that 
can be used to react with aqueous acidic or 
alkaline coating compositions, e.g. including 
iron, steel, zinc, copper, aluminium, magnes- 

20 ium, brass, bronze and stainless steel. Among 
the already-coated surfaces that may be fur- 
ther coated are phosphate-coated surfaces, 
which may for example be given a chromate 
rinse. Preheating a metal surface in air may 

25 also produce an adherent oxide film which may 
react with the coating composition. 

The aqueous coating composition may be 
in any form which can be reduced to finely 
divided particles, but is preferably a dilute 

30 

aqueous solution, dispersion or emulsion. In 
particular the coating composition may be an 
aqueous acidic coating-forming solution of zinc 
phosphates, manganese phosphates, iron phos- 
phates, alkali metal phosphates, oxalic acid or 

35 oxalate, a mineral acid solution, an aqueous 
acidic solution containing ions capable of 
forming sulphide coatings, such as sulphide or 
sulphite ions, a dilute acidic rinse solution, 
e.g. a chromic acid or dichr ornate solution, 

40 vrith or without additional acids as modifying 
ingredients, used to rinse bare metal or previ- 
ously chemically coated metallic surfaces, an 
amine phosphate coating solution, an acidic or 
alkaline metallic chromate solution to form 

45 finish coatings or rinse coatings over_ pre- 
liminarily formed metallic phosphate or similar 
coatings, or a dilute aqueous dispersion or 
emulsion of phosphate having lubricating 
properties; eg. lanryl phosphate. 

50 The present invention is particularly suit- 
able for producing a chromium-containing 
coating on a bare or phosphate-coated metal 
surface by fc^ming a film of an aqueous solu- 
tion of a hexavalent chromium compound on 

55 the surface, the solutions also containing an 
organic polymeric or resinous material, and 
then drying the film on the surface, the 
orgaafc material, which is preferably polyvinyl 
alcohol or polyacrylic acid, and the conditions 

60 of drying being such that an insoluble coating 
is formed. Coating compositions for forming 
such a chmmium-containing coating are 
described in our Specifications Nos. 840,890 
and 845,259. 

65 A metal surface to be coated should be in 



the condition conventionally used in coating 
by spraying or immersion; no further special 
cleaning is required. 

The surface being coated must be not 
enough both for reaction to take place between 70 
it and the coating composition and also for 
excess water and other volatile constituents to 
be rapidly vapourised. The exact temperature 
required will therefore depend among other 
factors upon the nature of the metal and of n 
the coating composition. It is well known, for 
example, that the temperatures at which 
different phosphate-coating solutions operate 
most efficiently may vary as much as 100 F. 
In general it is found that metal being coated »u 
should be so heated that the surface tem- 
perature is at least 135°F after the coating 
composition has been applied, and it may be 
as high as 800°F. The metal should not, how- 
ever, be heated to such a temperature that its 
metallurgical properties, eg. hardness and 
elasticity, are impaired. Initial temperatures 
between 175°F and 500°F have been found 
in most cases to be satisfactory. Heat will be 
lost by the metal both in raising die tern- 20 
perature of the coating composition applied 
to it and in vaporising excess water and other 
volatile matter, so that the temperature of the 
metal will tend to fall during the coating pro- 
cess. If, as will generally be the case, all the J ? 
heat needed is supplied by preheating the 
metal before applying the coating composition, 
the metal must therefore be preheated above 
the desired final temperature to an extent that 
will, under given coating conditions, depend 100 
on the thickness of the metaL Thus thin metal 
articles will need to be preheated to a higher 
initial temperature than thick ones in order to 
maintain a suitable surface temperature ^ 
throughout the coating process. i( k 

Less heat will of course need to be supplied 
by the metal if the coating composition is also 
preheated above room temperature, and it may 
be advantageous, particularly when the metal 
is thin, to continue heating the metal, for ex- 110 
ample by means of infra-red lamps or by elec- 
trical induction, during the application of the 
coating composition. 

It may also be desirable to supply further 
heat after the coating has been applied in 115 
order to complete the reaction with the metal 
surface, particularly when the coating is thick, 
or to cure the coating if it is a film-forming 
type containing synthetic resinous ingredients. 
This extra heat may for example be supplied 12C 
by conventional ovens or by infra-red or 
radiant lamps. 

The rate of vaporisation of water from the 
coating composition will depend on the 
humidity of die atmosphere which envelops 125 
the surface being coated as well as the tem- 
perature. It is therefore desirable to provide 
an exhaust system to remove the water vapour 
and other vaporised constituents from the 
neighbourhood of the surface. This may enable 130 
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a lower temperature to be used. In no circum- 
stances should the temperature in the neigh- 
bourhood of the surface be allowed to remain 
saturated with water vapour during the ap- 
y plication of the coating, as this may slow down 
the evaporauon of excess water so much that 
the particles are able to coalesce and run over 
the surface. 

in wJ he a 1 ueous coating composition is prefer- 

™ ably converted to finely divided particles and 
applied to the surface by means of a suitable 
atomising gun, and both the size of the 
particles or droplets formed and the quantity 

15 °i! Particles applied to a given area of 

the surface to be coated must be correlated' 
with die temperature of the metal to ensure 
that the particles do not have a chance to run 
before the excess water has evaporated. The 
20 P artic ' cs mav . b e applied over the whole sur- 
face by moving the atomising gun or other 
source of atomised particles relative to the sur- 
face or moving the surface relative to the 
source. The quantity of coating material per 
05 ™u area of ^ surface being coated to obtain 
the most uniform coating depends both on the 
size of the particle and the speed of relative 
motion between the source of atomised 
parades and the surface to be coated. A uni- 
form coating on the entire surface is most 

" e«ily obtained when the particles are ex- 
tremely fine and the relative motion is slow. 
Under these circumstances, as the minute 
particles hit the surface substantially all of 

35 J" 1 , tt ° d t0 remain in P 1 "^ «a« with the 
underlying surface and lie immediately ad- 
jacent to each other without pyramiding to 
sufficient extent to become sufficiently liquid 
to flow during atomisation. As the particle 
size increases, in order to avoid coalescence 
sufficient to produce surface irregularities, it 
is necessary to increase the rate of relative 
monon between the source of the particles and 
the surface being coated. As this relative rate 
45 ? f m onon is increased, however, it becomes 
increasingly difficult to obtain a uniform dis- 
tribution of these larger size particles over the 
surface and ultimately to produce a coating 
having & uniform weight over the entire sur- 
face subjected to atomisation. 

For different coating combinations it has 
been found that the particles in the coatings 
• may vary from as small as 15 microns in dia- 
meter to as large as 350 microns in diameter 
and that most coatings comprise a mixture of 
53 particle sizes. When the particle sizes in the 
atomised coating material form particles in 
the coating within this range it is possible to 
regulate the temperatures of the substrate and 
the rate of relative motion between the source 
°° of ™ particles and the substrate being coated 
to obtain a uniform coating. It is even possible 
to prepare coatings useful for certain purposes 
when some of the particles in the coating ex- 

65 of 350 micron8 an d range as 

65 high as about 500 microns in diametej but 



such coatings are usually less uniform and thus 
less desirable for most applications than the 
coatings including the above small range of 
particle sizes. e 

general guide to selecting the optimum 70 
operating conditions for the selected substrate 
and coating material it may be pointed o« 

wSi SL a e T n slze °i P artide «°^=d 

^ait^T* 3 " " a fixcd rare > ^ resulting 
coating tends to increase in weight as the tern- 75 

^ WT % At a given temperate 

and a fixed size of particle emanating W 
the atomising nozzle, an increase in the rare 
of relative motion between the atomiSS 

a tower coating weight and ultimately will pro- 
duce non-uniformity in the coating^ Under 
fixed conditions of temperature and relative 

.SSLfar 1 *- C ° atCd> the particfc 85 

uWn^Sf ™<^ase the coating Wed and 
rfS^&M"*" m c ? alesc ence 6 or piling up 
i™ « P K m u 1C 1 ° r """""S of ^ applied coat- 
ing or both. As a lower limit, the we^hTnf 

coatmgs whose purpose is to improveTorro^ 90 
rc^^nce or enhance paint rece^ty S " 

add Jn TO 10 "Wsq.ft With chromic 
nfnt^f chromate-contaming solutions an im- 
P™If dresul ! " obtained with coating weiahts 
lower than 7 mg./sq.ft. md eveT£ W al 95 
i*° 5 mg/sq-ft. particularly whereto 
chromare-containing solution is apEf as a 
rase over integral chemical coatings For^he" 
as TK£2: S0luti0, V i ** Mention stS 
oretV^f^"*' OXalatts > oxides > «c, it is 100 
20 rf^ t0 f orn L a coa£u >S weighing at feast 

r!^,v Q u dy t0 am ' y e at the optimnm 

ab^ prop?rti ^ t / b(M ^ 

SuV a i so ™Portant that th e surface 
should be substantially free of wat«- 
moment of impaa ^the atomised" articles 
of the coating composition. In the presenS vTf 
a continuous film of water on the surfac^ thf 115 
discrete particles tend to slide or mS^n 
^ "PF *■» remain statiSry £ 

the position of impact, and this results in a 
non-uniform coating. 111 8 

hJ 1 ^ coating compositions may be atomised 120 
5LT mS u° f ^ conventional spray gun^or 

enou/h f" "P abIe 01 Sflu 

enough particles. Both internal and external 
n^mg types of spray guns may bTuseTSh 
either suction or pressure feed of thewSpS- 125 
tion mto the propellent chamber. Restively 
ddute solutions can satisfactorily be applied 
feed spray guns, but «J££ 
oetrer results are obtained from th* «c- «f 
Pressure on the coatmg-fonmnT solutio? as 130 
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10 



15 



20 



25 



30 



35 



well as on the propellent. Installations for 
coating large areas of continuously moving 
surface may include multiple jets arranged on 
suitably spaced headers. 

Any readily compressible gas which does not 
liquefy or solidify at low pressures and does 
not produce undesirable side effects is satisfac- 
tory as a propellent However, air and steam 
are preferred, because they are inexpensive, 
readily available and perform welL Super- 
heated steam has been found to be an especi- 
ally good propellent. It atomises well and be- 
cause of its condensation on contact with cooler 
air it decreases the volume of the spray and 
thus prevents any toxic elements which might 
be present in the spray from drifting off into 
the surrounding air. It is therefore the pre- 
ferred propellent when ventilation is a 
problem. Low quality steam should not be 
used, since the water content causes the con- 
densation of its moisture on the metal surface 
during the spraying process. 

As mentioned above, the coating may be 
built up to any desired thickness by repeated 
applications of the aqueous coating composi- 
tion in the same way as has already been des- 
cribed, the metal being reheated if necessary 
between applications. The weight of the coat- 
ing applied in any particular case will depend 
on the intended use. For example, a coating 
applied to impart corrosion resistance prefer- 
ably has a weight in the range 150 to 450 
mg./sq. ft. whereas a coating applied for wear 
resistance or lubricating purposes preferably 



40 



45 



rcaiauui*~~ uj. p i — -it 

has a weight in die range 750 to 2000 mg./ 
sq.ft. Paint base coatings are generally 
lighter, for example 50 to 200 mg./sq. ft. 

Since in working according to this invention 
a coating solution is used once only it is not 
necessary to provide a second replenishment 
solution of different composition. 

The following Examples, which in no way 
limit the scope of the invention, illustrate the 
formation of various different types of coating 
according Co the invention and the properties 
of the coatings obtained. 

Example I 
A number of 4" x 6" panels of an alumin- 
ium alloy containing 1—2% magnesium were 
50 cleaned by immersion in a 3 oz./gallon 
aqueous solution of sodium pyrophosphate for 
five minutes, removed, rinsed and thereafter 
heated in air to a temperature of about 200°F. 
An aqueous solution was prepared to con- 

55 tain: _ 

Grams 



This liquid was placed in a suction feed 
type MBCL " DeVilbiss " atomizing gun (De- 
Vilbiss catalogue 1-2801) provided with a No. 
32 LE nozzle and a 1115 ES liquid feed 65 
nozzle 0.070 inches in size, and atomised using 
a line pressure of 70 p.s.i.g. with the liquid 
nozzle opened one-fourth of a turn from its 
closed position. (" DeVilbiss " is a Registered 
Trade Mark). Several of the cleaned and 70 
heated aluminium panels were coated with the 
coating solution by holding the gun about 8 
inches from the panel surface and moving the 
nozzle across the panel surface at a speed of 
about 50 feet/minute, after which "the panel & 
was reheated with infra-red lamps to about 
200°F. and coated with an additional similar 
pass. The panels were then cured for 3 minutes 
by heating in an air atmosphere furnace at 
450°F. The complete coating weighed about w 
600 mg./sq. ft. Upon inspection the coatings 
were found to be uniformly distributed, hard, 
and light grey in colour. The coatings were 
insoluble in boiling hot water. g5 

Three additional solutions were then pre- 
pared by modifying the above composition to 
contain 100, 150 and 300 grams of 
ZnSiF 6 .6H 2 0 respectively. 

Further similar aluminium panels were 
coated with these solutions, using identical con- 
ditions to those described above. Upon inspec- 
tion after curing all were found to have on 
their surfaces adherent coatings. As the 
quantity of ZnSiF 0 .6H 2 O increased, the dull- 
ness of the light grey coating became more and 
more pronounced. The panels treated with the 
solution containing 150 grams ZnSiF 0 .6H 3 had 
the most uniform coatings. In all other respects 
the panels were comparable. 

Example H 100 
A solution of the following composition was 
prepared: 



H n P0 4 (75%) 
HN0 3 (42° Baum6) 
ZnO 

ZnSiF c .6H 2 0 
ZnF 2 

Water to make 2000 mL 



Grams 

259 
290 
162 
200 
100 



103 



60 



H 3 P0 4 (75%) ^ 
HN0 3 (42° Baume) 
ZnO 

ZnSiF 0 .6H 2 O 

Water to make 2000 ml. 



259 
290 
162 
50 



Aluminium panels were prepared and coated 110 
with this solution as described in Example I. 
The coatings produced were similar m dull- 
ness to those resulting from the coating solu- 
tion containing 300 grams ZnSiF 6 .6H 2 0 and 
slightly smoother but in other respects sub- 113 
stantially the same 

Example in 
An aqueous solution was prepared to con- 
tain: 
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Grams Solution B 



Zinc dihydrogen phosphate 
HNO, (42° Baume) 
Ammonium silicofluoride 

(NHJ 2 SiF c 
Water to make 2000 ml. 



200 
140 

75 



Zn 3 (P0 4 ) 2 

HNO, (42° Baume) 
Water to make 1000 ml. 



Solution C 



10 



15 



This solution was applied to the surface of 
aliunmium panels similarly prepared and under 
identical conditions to those set forth above in 
Example I except the final coating weight was 
approximately 300 mg./sq.ft. Upon inspec- 
tion, the panels were found to have on their 
surfaces an adherent, hard, light grey coating Solution D 
with a dullness comparable to that obtained in 
Example I from solutions containing 150 
grams ZnSiF 0 .6H 2 O. 



Grams 

200 
260 



Grams 



CaHP0 4 .2H 2 0 
HNO3 (42° Baume) 
Water to make 1000 ml. 



Exampix IV 
A solution was prepared to contain: 



MnHP0 4 .3H 2 0 
HNO^ (42° Baume) 
Water to make 1000 ml. 



Grams 

200 
320 



20 



Ferric Nitrate 
H 3 P0 4 (75%) 
Ammonium silicofluoride 

(NH 4 ) 2 SiF, 
Water to make 1000 ml. 



Grams 

100 
185 

725 



25 



30 



35 



40 



45 



50 



This solution was applied to aluminium 
panels under the exact conditions set forth 
above in Example I. The resulting panels had 
a coating weight of about 150 mg./sq.ft. 
Upon inspection the panels were found to be 
coated with a uniform, hard, light metallic 
grey, slightly transparent coating on their sur- 
face which was insoluble in boiling hot water. 
Example V 
The solution of Example IV was applied to 
24 gauge mild steel panels 4" x 6" in size 
which had been cleaned by wiping with solvent 
followed by vapour degreasing. The panels 
were preheated to approximately 200°F. with 
infra-red lamps and coated using the condi- 
tions set forth above in Example I except the 
panels were not reheated between passes. The 
average coating weight was about 150 mg./sq. 
ft. These panels were uniformly coated with 
a dark grey coating having a slight yellow 
over-tone and the coating was insoluble in boil- 
ing hot water. 

Example VI 
18/8 Austenitic stainless steel in the form 
of strips 4" x 36" x 0.14" was coated with the 
following solutions: 

Solution A 



55 



Ferrous oxalate 
Oxalic Acid 
HNO, 
HCIO, 

Water to make 1000 ml. 



Grams 

46 
95 
300 
2C 



a J** stress steel strips were first degreased 
and then heated in a furnace at 450°F for 
f^iL ^USS ™* their temperature 

^ ?l° °*' 7* heated "HP* werTthS 
coated with solutions A, B, C and D, usmg 
^ equipment and spraying conditions set 
l™*l m Example I except that the panels were 
not heated between passes. The coatings were 
cured by positioning the strips in 
^J^P^ u toe f 450°F. and leaving them 
therein for about 3 minutes. Upon withdrawal 

?oln« T& WCrC inspected and aU 

found to have an approximate coating weight 

^ OUt A 200 m */*3-ft- The stripsTo which 
solution A was applied had a slight ydW 
hard, uniformly distributed, extremely aT 

water The stops coated with solution B were 

hc^ll-^Z COa ^ g which ^ insoluble in 
^ ***** coatcd monition C 
w^imilar m appearance to those coated with 
solution B except that the coatings were 
shghtly more adherent. The strips coaled with 

tributed, hard, adherent, water-insoluble coat- 
ana^ 4 "* 12 ." ^ ^ copper 
and hard rolled magnesium paneWere ato 
sprayed with solutions A, B, C, and^usinS 

^h Sam ^ P J, 0C l dllre - ^ bating formed ™f 
each weighed about 400 mg./sq. ft. TfoTcn*? 

A^erfSf ^ a PP^oncr^S 
A were similar m appearance to those formed 
^smmless steel except that thoselm thTSS 
per panels were yellowish bronze ma louV 

we4nif- d Pa f cls ?° atcd ™* aetata? 
were purple m colour instead of pink In all 

k£? ^F 0 * no Terence could bedec^tS 
between the coatings on mild sted 3 Topp^d 
magnesium and those obtained on S«* 
steel from similar solutions. s^ess 

_ . Example VII 

This example illustrates the variations in 



60 



65 



70 



75 



80 



90 



95 



100 



105 



110 



115 
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particle size and coating weight which result 
from alterations in the atomizing conditions oi 
application. Several 4' x 6' panels of low car- 
bon steel were cleaned by conventional 

5 methods and then preheated to a temperature 
£ die range of about 350°F. to about 400°F. 
An aqueous admixture was prepared contain- 
ing 2% CrO a and 1% polyacrylic acid. This 
aqueous admixture was placed in a De- 

10 Vilbiss "-type AGA spray gun using nozzle Cx 
and a 763 air cap, the liquid aperture in the 
nozzle being 0.026" . diameter. This equip- 
ment is described in detail in DeVilbiss 
catalogue IE— E, and is a spray gun using 

15 pressure on the aqueous admixture in the tank 
and a separate source of gaseous propellent. 
The pressure employed on the propellen^ air, 
was 60 psig., and the pressure in tte tank was 
20 psig- With the rate of relative motion 

20 between the spray gun and the : panels » of ap- 
proximately 60 feet/minute a singte pass over 
die surface produced on the panels a coatmg 
weight in the range of 2 to 5 mg./sq. ft. ITie 
coatings were cured by heating the panels in 

25 ^ ^ at a temperature of 375°F .*>r about 
3 minutes and then withdrawing them. An 
inspection of the coated surface showed 
irregular coated areas separated by uncoated 

30 ar Another set of similarly cleaned panels were 
atomization coated in the some way with the 
same solution, the pressure on the chromic 
acid-polyacrylic acid admixture bang in- 
creased to 25 psig. The cured coatings which 
35 recited from a dngle pass of ^ 

eun over the surface at the same speed 
weighed between 5 and 10 mg./sq.ft, 

Another set of similar panels was atomiza- 
tion coated in the same way with the same 
40 admixture, the pressure on the admixture being 
increased to 40 psig. After one pass over the 
surface at the same relative speed, and curing, 
an inspection of the surface showed a coating 
having a weight in the range 10 to 15 mg./sq. 
45 ft., bSindiis case the coating was ***fP^ 
with globules of coating, some of which were 
as large as about 1 mm, in diameter. # 

All three sets of coated panels wore painted 
with a white primer coat and a white enamel 
50 finish coat and were tested f or conosion re- 
sistance by spraying with a 20% sodium 
Sride solution/After 312 hours in the salt 
spray chamber the panels resulting from tne 
use of 20 psig. pressure on the coatmg adrntx- 
55 rure were found to be only abciut one-hatf a5 
resistant to corrosion as those panels resuming 
from the use of 25 and 40 psig. pressure on 
the coatmg admixture. 

The particle size of the particles resulting 
60 from use of the 20 and 25 psig. pressures on 
the liquid admixture was approximately Che 
same but with the lower pressure the rate of 
flow of the coating admixture relative to tne 



rate of traverse of the surface was insufficient 
to produce a quantity of coating to provide *5 
the desired surface protection. By increasing 
the pressure on the coating material to 25 
psig. and mamtaining die air propellent pres- 
sure of 60 psig. the coating weight was in- 
creased ro 5—10 mg./sq.ft., which was a 7U 
sufficient quantity of material to provide the 
desired surface protection. When the pressure 
on the chromic acid-polyacrylic acid admix- 
ture was increased to 40 psig. however, the 
particles which resulted were irregular in size to 
and much larger and the resulting coatmg in- 
cluded the non-uniformity spaced globular 
particles. _ _ 

On increasing the pressure on the air pro- 
pellent to 80 psig. while mamtaining the pres- ^ 
sure on the chromic acid-polyacrylic acid ad- 
mixture at 40 psig uniformly sized particles 
were again produced which, upon spraying 
similar panels under similar conditions gave a 
uniform coating having a weight of about 20 85 
mg./sq. ft When these panels were painted in 
a comparable fashion and tested for corrosion 
resistance they were found to be even better 
in corrosion resistance than the panels contain- 
ing 5—10 mg./sq.ft w 
Example VIII 
A group of zinc coated steel panels 4" x 6 
x 1/16" was heated to 160°F 5 and another 
group of comparable panels was heated to 
450°F. Two aqueous compositions were pre- m 
pared, one of which contained 2% chromic 
acid and 2% polyacrylic acid wdght/volume, 
and the other of which contained 2% poly- 
acrylic acid and 4% chromic acid, weight/ 
volume. Each of these aqueous admixtures AW 
was placed in an MBCL spray gun having a 
32 LE nozzle, 0.070" liquid feed nozzle dia- 
meter, (DeVilbiss catalogue 1—2801) and the 
panels were coated by employing an air pro- 
pdlent pressure of 60 psig. and a rate of flow u» 
of the admixture of about 1 quart/hour. Under 
these conditions the spray particles had a size 
in the range 3 to 25 microns and after curing 
the coating3 by positioning the panels for 
about 3 minutes in an oven at 375°F., the 110 
coatings were found to have a typical metallic 
appearance, slightly glossy and to be uniformly 
distributed over che surface. .The coatings 
were hard, had a weight in the range 18 to 36 
mg./sq. ft. and were insoluble in boiling hot 115 
water. These panels were tested for humidity 
resistance by subjecting them to a humid 
atmosphere for one week, and upon inspection 
they were all found to be substantially free 
from white corrosion products. 120 

Example IX 
Another set of 4" x 6" aluminium panels 
were prepared for coating as set forth in 
Example I. The following aqueous solutions 
were compounded: 135 



BNSDOCID: <GB 863098A_L> 



863,098 



Solution A 



H.PO,(75%) 

HNO a (42° Baume) 

ZnO J 

H a BO a 

HF (60%) 

ZnSiF c .6H 2 0 

Water to make 2000 ml. 



10 Solution B 



H a P0 4 (75%) 
HMO, (42° Baume) 
ZnO 
15 H a BO a 

HF (60%) 

Vf atcr to make 2000 mL 



Grams 

259 
140 
162 
146 
202 
315 



Grams 

259 
140 
162 
219 

202 



20 



25 



30 



The panels were atomization coated with 
each of these solutions in an identical manner 
to um set forth in Example I, cured simila rly, 
and upon inspection were found to be coated 
with a uniform light grey coating which was 
hard and adherent. These coatings, when sub- 
jected to boiling hot water, were found to be 
partially jf not completely soluble therein. 

Example X 
Alkaline chromate aqueous solutions were 
compounded to contain the following: 

Solution A 



(NHJ 2 S0 4 

(NH,) s CR a O r 

NH 4 OH 

Water to make 2000 ml. 



35 Solution B 



40 



(NH 4 ) 2 S0 4 

Cr 2 (SOJ a 

(NH 4 ) 2 Cr 2 O r 

Water to make 2000 ml 



Grams 

30 
30 
2.5 



Grams 

15 
15 
100 



45 



50 



Solutions A and B were applied to p anda 
prepared in accordance with Example I under 
the exact conditions there stated, and after 
curing the panels were found to have on their 
surfaces slightly non-uniform dark yellow coat- 
ings when the coating weight was about 150 
mg./sq. ft. Other panels were coated with the 
same solutions to form coating weights in the 
range of 400—6000 mg./sq. ft, md these 
pands were coated with a granular coatinjr 
which became blacker as the coating weight 
increased toward 600 mg./sq. ft. The yellowish 
coatings were partially soluble in boiling water 



US! a ^e, coating became darker in appear- 
ance the solubility in water decreased. 55 

n Example XI 
4 x 6" aluminium panels cleaned in accord- 
ance with the procedure of Example I were 
atomization coated with the following so£! 
uon: - 6Q 



H a P0 4 (751%) 
HNO, (42°Be) 
ZnO 

ZnSiF,.6H a O 

Chromic or molybdic acid 
Water to make 2000 mL 



Grams 

250 
290 
162 
300 
0.5—1.5 



65 



solutl ° n was applied in accordance 
with the procedure of Example I and the coat! 
mgs, upon inspection, were similar in appear- 
ance to those obtained in Example I 

A number of mild steel panels, at' a tem- 
perature of about 250°F, were coated Sh 
thu .solution m accordance with the procedure 

hLf Tt plt 1 CXCCpt were^oTre! 
heated between passes. Another set of mud 
steel panels was coated, under identical condi- 
tions, with a solution similar to the above 
except that it contained no chromic or 

w^T^ aCUl ; 1° both 03868 ^orm coating 
wto produced but somewhat better humidity 

n3T * 7? to bc characteristic of the 
panels resulting from the solution containing 
the chromic or molybdic acid inhibitor. 

Example XII 
18—8 stainless steel panels were atomization 
SShS in soluti0 ^ confining 40 cc of 
36% HC1, 10 grams of sodium sulphite and 
water to make one gallon. Panels were betted 
to a temperature of about 200°F. and coated 
with a solution in accordance with thTpro- 
«dure of Example VI. The resulting panels 
were umfcnnly coated with an adherenYsul- 
phide coatmg, . part of which was soluble in 

The same solution was used to atomization 
Scf^ P^arily heated to 
S 250fF The coatings obtained were uni- 
coatidgs adherent dark sulphide 

Example XHI 
Mild steel panels preheated to about 250°F 
and atomization coated with an aqueous solu- 
tion containing sodium dihydrogen phosphate 
which upon analysis was found to ca£auf£ 105 
Percent weight/volume: 



70 



75 



80 



85 



90 



95 



100 



P0 4 
CIO, 



Percent 

1.0 
0.6 
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This solution was found to have a total acid 
of 10.3. A number of these panels were 
coated under the conditions specified in Ex- 
ample VI, and on inspection were found to 
5 be coated with a grey adherent phosphate coat- 
ing of typical appearance. 

Example XIV 
4" x 6" cold rolled steel panels were solvent 
cleaned and coated by conventional spray ap- 

10 plication of an aqueous solution containing zinc 
0.14%, PO* 0.75%, nitrate (NO,) 1.8%, aU 
percentages being weight per volume. The 
solution had a free acid of 0.7 and a total acid 
of 10.1. With the solution at a temperature 

15 of 135°F. the panels were spray flooded with 
the solution for a one minute period of contact 
to produce coatings having an average weight 
of about 265 mg./sq. ft. These panels were 
preheated to a temperature in the range 

20 175 200°F. in an air atmosphere furnace 

maintained at a temperature of about 300°F. 
Groups of these heated phosphate coated 



panels were then atomization coated with 
various hexavalent chromium-containing rinse 
solutions by employing the atomization equip- 25 
ment identified in Example I. After applica- 
tion of the rinse solutions certain of the panels 
were cured by positioning them in a furnace 
at 30G°F. for 30 seconds and withdrawing 
while others of the panels were positioned for 30 
3 minutes in the same furnace prior to with- 
drawal. The thus coated panels were 
tested for salt spray resistance in com- 
parison with panels of the same steel 
which were uncoated and which were 35 
similarly phosphate coated and rinsed in 
a conventional chromic acid liquid solution in 
the current commercial manner. Other panels 
were painted with a primer and a finish white 
enamel and these panels were scratched dia- 40 
gonally from corner to corner to form an X 
on the painted surface and tested for salt 
spray resistance as well as humidity. The rela- 
tive results of these tests are summarized in 
Table I. 45 
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In Tables I, U and III, the salt spray re- 
sistance, bare coating, is reported on the basis 
of the proportion of the surface coated with 
rust ranging between 1 and 5, 1 being a small 

5 portion of the surface and 5 being the total 
surface. L is light rust, VL is very light rust 
and M is medium rust so that, for example, 
5 M means that the panel is entirely coated 
with medium rust The salt spray resistance 

10 of the p ainted panels is reported on the basis 
of the number of sixteenths of an inch which 
rust had proceeded from the scratch marks 
diagonally across the paneL Zero means no 
rusting, 0 — 1 means rust has proceeded a 

15 maximum of one-sixteenth of an inch and a 
minimum of zero, whereas 4 — 9 means that 
the rust has migrated a maximum distance of 
nine-sixteenths of an inch and a minimum of 
four-sixteenths along the diagonals. Humidity 

20 is reported on the basis mat A indicates bottom 
edge blistering and B indicates surface blister- 
ing while the subscripts vary between land 5 
and B 4 indicates severe blistering over the 
entire surface. 

25 On this comparative basis it can be seen 
that tests 1, 2 and 3 all gave better bare coat- 
ing resistance in salt spray than the controls. 
Excellent spray and humidity results were ob- 
tained, bare and painted, in tests 5 and 8 in 

30 which the coating weights are extremely heavy 
relative to coating weights obtainable^ with 
normally employed aqueous solution rinsing 
cechniques. In each of these cases there was no 
rundown and no problem of chromic add 

35 build-up at the draining edges of the panels 
as is characteristic of normally rinsed parts. 



Example XV 
A large number of 4" x 6" cold rolled steel 
panels were solvent cleaned, degreased and rag 
wiped and then immersed in an aqueous solu- 40 
tion containing 0.4% Zn, 1.6% P0 4 , 1% N0 3 , 
and 0.2% ferrous ion, the solution having a 
total acidity of 30.2 (total acidity of 10 ml 
sample titrated to phenolphthalein endpoint 
with N/10 sodium hydroxide). This solution 45 
was heated to 185°F. and the panels immersed 
therein for 30 minutes and withdrawn. This 
resulted in the formation of a zinc phosphate 
coating having an average weight of 1000 to 
1500 mg./sq. ft. These coated panels were 50 
then heated in an air atmosphere furnace at 
300°F. for approximately 20 seconds to raise 
their temperature to 175 to 200°F. The panels 
were then atomization coated using the appar- 
atus of Example II and the general procedure 55 
there described, except that the rinse solutions 
were modified in composition and the thickness 
of the dried solutions varied as set forth below 
in Table II, which shows the comparative re- 
suits of salt spray tests on the panels. Certain 60 
of the panels, after atomization coating but 
before subjected to salt spray testing, were 
oiled by dipping the coated panels in a com- 
mercial oiUng composition comprising zinc 
stearate thinned with mineral spirits, removing 65 
*h+m and allowing them to dry. Control tests 
- for salt spray resistance were carried out on 
identical bare panels and on panels which re- 
ceived similar phosphate coating and typical 
commercial rinsing in an aqueous dilute hexa- 70 
valent chromium rinse solution containing 
about 0.01% CrO* and 0.015% H 3 P0 4 . 
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By inspecting Table II it may be seen that 
the air dried rinses of tests 1, 2 and 3 showed 
considerable improvement in salt spray resist- 
ance relative to the controls and test 2 is out- 

5 standing in corrosion resistance, the CrO, coat- 
ing being 150 mg./sq. ft. Tests 4 to 13 showed 
that all of the samples were substantially better 
than the controls, in both dry and oiled form 
where 30 seconds and 3 minutes were used 

10 for curing the coating. 

Example XVI 
A large number of 4" x " cold rolled steel 
panels were solvent cleaned, degreased and 
rag wiped and then immersed in an aqueous 

15 solution containing 3.75!% P0 4 , 0.04% Ni, 
0.56% Mn, 0.2% NO a and 1.8% Fe++ and 
having a free acid of 2.0 and a total acid of 



12.0 (2 ml sample titrated to phenolphthalein 
endpoint with N/10 sodium hydroxide). The 
cleaned panels were immersed in the solution 20 
at 200°?., allowed to remain therein for 15 
minutes and withdrawn, after which they were 
found to be coated with an average coating 
weight between about 900 and 1200 mg./sq. ft. 
All of the panels were atomization coated with 25 
various hexavalent chromium-containing solu- 
tions. Certain of the panels were oiled and all 
were tested for resistance to corrosion in a 
20% sodium chloride salt spray for various 
times, relative to both bare controls and phos- 30 
phate coated controls conventionally rinsed in 
a solution containing .01% Cr0 3 and .015% 
H s P0 4 . The results of these tests are sum- 
marized in Table III. 
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An inspection of this Table shows substan- 
tial improvement in salt spray resistance both 
dry and oiled for light and heavy weight coat- 
ings relative Co the controls. 
5 Example XVII 

Lubricating and corrosion-resistant coatings 
were formed by atomization spraying on mil d 
steel panels having a temperature of about 
250 °F. one of the following dispersions: 
10 monolauryl phosphate— 160 grams; morpho- 
line— 32 grams; zinc acetate— 25 grams; 
sodium chlorate— 35 grams; 0.4% sodium 
meta-nitro benzene sulphonate; each mixed 
with distilled water to make 2 gallons. The 
15 equipment and the basic procedure described 
in Example 1 were used. The coatings formed 
were uniformly distributed and crushed to an 
unctuous film upon the application of pressure. 
WHAT WE CLAIM IS: — 
20 1. A process for forming a protective coat- 
ing on a metallic surface by treatment with an 
aqueous coating composition which interacts 
with the surface or with an integral coating 
thereon which comprises preheating the surface 
25 and applying the coating composition in the 
form of finely divided particles, the tempera- 
ture of the surface and the size and quantity 
of the particles being so correlated that the 
particles dry substantially in the position 
w where they first strike the surface. 

2. A process according to claim 1 in which 
the temperature of the surface is maintained 
at at least 135°F during the application of the 
coating composition. 

3. A process according to claim 1 or claim 
2 m which the surface is preheated to a tem- 
perature of 175— 800°F before the application 
of the coating composition, 

4. A process according to any of claims 1 
w to 3 in which the temperature of the surface 

f *hg :^ hen particles strike the sur- 
face the interaction between the coating com- 
position and the surface and the drying of the 
particles are substantially instantaneous. 
45 5. A process according to any of claims 1 
to 3 in which further heat is supplied to the 
surface during the application of the coating. 

6. A process according to any of \ 
c* ? 5 ™ J" hich c °ated surface is further 
50 heated after the coating has been applied in 

order to cure the coating. 

7. A process according to any of claims 1 
to 6 in which the thickness of the coating is 



increased by further applications of the coat- 
ing composition in the same manner. 55 

8. A process according to any of the pre- 
ceding claims in which the aqueous coating 
composition is applied in the form of particles 
having a size in the range 15 — 350 microns. 

9. A process according to any of the pre- 60 
ceding claims in which the finely divided 
particles are formed and applied to the surface 

by atomising the aqueous coating composition 
with a gaseous propellent. 

10. A process according to claim 9 in which 65 
the surface is progressively coated by moving 

it relative to the source of atomised particles. 

11. A process according to any of the pre- 
ceding claims in which volatile material is con- 
tinuously removed from the neighbourhood of 70 
the surface being coated. 

12. A process according to any of the pre- 
ceding claims in which the aqueous coating 
composition is an aqueous acidic phosphate 
solution. * 75 

13. A process according to any of claims 1 
to 11 in which the aqueous coating composi- 
tion is an aqueous acidic solution containing 
hexavalent chromium. 

14. A process according to claim 13 in 80 
which the aqueous coating composition also 
contains an organic polymeric or resinous film- 
forming ingredient. 

15. A process according to claim 14 in 
which the film-forming ingredient is polyvinyl 85 
alcohol or polyacrylic acid. 

16. A process for improving the corrosion 
resistance of a metallic surface which com- 
prises forming a phosphate coating on it and 
subsequently coating it in accordance with any 90 
of claims 13 to 15. 

17. A process according to claim 1 sub- 
starmaUy as described in any of Examples I 

18. A metallic article having on its surface 95 
an adherent integral coating produced by the 
process of any of claims 1 to 15. 

19. A metallic article having on its surface 
a phosphate coating and an overlayer of a 
material containing hexavalent chromium pro- 100 
duced by the process of claim 16. 

For the Applicants: — 
GILL, JENNINGS & EVERY, 
Chartered Patent Agents, 
51 — 52, Chancery Lane, 
London, W.C2. 



Dy 1QC Fatent 25 > Southampton Buildings, London, W.C.2, from which 

copies may be obtained. 
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Verfahren zur Oberf lachenbehandlung von Metallband 



PATENTANSPRUCHE ; 



1. Verfahren zur Oberf lachenbehandlung von Metallband und 
Aufbringen eines Phosphatbelages auf dasselbe, dadurch 
pekennzeichnet , dafi es die nachstehenden Verfahrensschritte 
aufweist : 

a) Erhitzen des Bandes auf eine oberhalb 250° C und ins- 
besondere oberhalb 300°C liegende Temperatur, vorzugs- 
weise unter Schutzgas, wenn die Temperatur der Be- 
heizung tiber 500°C betragt, und 

b) Abschrecken des Bandes in einem Bad mit einer Tem- 
peratur von 80°C oder darttber, vorzugsweise von 90°C 
Oder daruber, welches Bad ein oder mehrere Phosphate 
des Types M Q (H 2 P0 4 ) n enthalt, wobei M R Zn, Ni, Mn 

909839/D788 _ _ 
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Oder ein Alkalimetall Sein kann 
Nation zwischen 1 ^ 20 g/1 ^ ^ 

5 und 15 g/i betra _ t S/l, vor 2 ug SWe i Se 2wischen 

LId 5t, und wobei dac n^^ 

2- Verfahren nach Mspruch 1 ,. 

erende Salze zugefilgt werden. 
• Jerfahren nach den AnsprOchen 1 bis 3 d „ 

^Hlet.daB da. »it d« Oberzua « ^^^cenn- 
ein Stahlband i st . ^erzug za versehene Band 

Verfahren nach Anspruch 4 fc 

behandlung erfolirt • , verJ -aufe einer War me- 

dere dieser Losungen als J »v bzw. die an- 

dung filld€n . ^ alS ein ^osphatierungsbad Anwen- 

Verfahren nach den Ansprflchen i m, ? 

fishnet, daB ein einz . ^ 5 » dadurch^ekenn- 

Bauer zwischen 0,5 und T e l " " -to ~ d 

und 40 Sekunden durchgeftihri: wird . 
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an das ReW^lisat^Bg When ^ au68efahr t 

wird, daB die Phosphat 1 «ung xm Verlauf 
durchgefOhrt wtrd. 



zeichne"t , 
gefttbrt werden: 



* Temperatur oberhalb der Rekris-talli- 

Mi tzen auf exne ^ Einhalt en diese, 

^ i0nS Z^T:^^^ Seiner, wobei 

atmsophare durcbgefubrl: werden; 

• =v, em PhoBPliatierungsbad der vor- 
, Abscbrecken xn enem Phosp^a ^ ^ vpn 

b escbriebenen Art und ^"erweil-it zwischen 
80 o C ode r ^^^^^ 1S0OC liegenden 
0,5 und «*0 SeKunden bei einer un 

Temperatur betragt ; 
o) sehr SpOXen dee BXecHes » Badaus g a». 5 

, m^alterungsbebandlung durcb Erbitzen 

500°C. 

- „ dadurcb r— v °" ri zaicbng* , dafi 
Verfabren nacb Ansprucb 8, --^ — ^ 

die abscbXiessende — StrabXen der 
und vor allem unter der Einwirxuns 
Umgebungaluft durcbgefubrt wxrd. 

_ 4. 
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Verfahren nach Anspruch 8 , dadurch gekennzeichnei: , 

daJi das Band nach der Oberalterungsbehandlung erneut 

in einer PassivierungslSsung abgeschreckt wird, welche 

3+ 6 + 

insbesondere eine Mischung von Cr -Cr aufweist. 
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BESCHREIBUNG: 



Die Erfindung bezieht sich auf ein Verfahren zur Beschichtung 
eines Metallbandes , und zwar insbesondere eines fiir das 
Tief Ziehen vorgesehenen Metallbandes , mit einem Phosphatbelag, 
wobei diese Behandlung im Verlaufe einer Warmebehandlung durch- 
geftihrt wird. 

Der Anwendungsumfang des Verfahrens sieht eine Beschichtung 
des Metallbandes 9 und zwar insbesondere eines Stahlbandes , 
mit einem Schutzbelag, wie einer Fhosphatschicht 9 vor und ist 
sehr be-trSchtlich; den genannten Schutzfilm kann man taspiels- 
weise in den nachstehenden Fallen mit Vorteil anwenden: 

- zur Ausbildung eines vortibergehenden Oberf lSchenschutzes 
zwischen Herstellung und Verwendung; 

- zur Herstellung einer Unterschicht , welche das Haften 
eines sp&teren Schutzbelages beglinstigt; 

zur Ausbildung einer Unterlage als Vorbereitung filr einen 
Anstrich und 

- zur Ausbildung eines Belages, der das Haften eines Schmier- 
mittels vor einer spanlosen Formgebung begtinstigt. 

Diese unterschiedlichen Anwendungsf ormen unterscheiden sich 
nur durch die Dicke und durch die Art des aufzubringenden 
Schutzfilms, insbesondere bei einem Phosphatbelag. 
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So wurde von der Anmelderin schon ein Verfahren zur kontinu- 
ierlichen WSrmebehandlung von Stahlband vorgeschlagen. Dieses 
Verfahren besteht im wesentlichen darin, daB das Blech auf 
eine Tmperatur oberhalb seiner Rekristallisat ions temperatur 
aufgeheizt wird und anschliessend eine schnelle Abktlhlung 
durch Eintauchen in ein Wasserbad erf&hrt, dessen Temperatur 
ilber 7 5°C und vorzugsweise merklich tlber seiner Siedetemperatur 
gehalten wird. 

Auch hat die Anmelderin bereits den gleichzeitigen Vorschlag 
der Verbindung der Warmebehandlung mit einer Oberfl&chen- 
behandlung gemacht, urn das Band mit einem metallischen Schutz- 
belag Oder einem Phosphatbelag zu versehen. 

Der vorliegenden Erfindung liegt die Aufgabe zugrunde, die Vor- 
teile beider Behandlungen bei einer Phosphatierungsbeschichtung 
miteinander zu verbinden. 

Dieses Verfahren basiert auf der Tatsache, dafi im Zuge von 
seitens <ier Anmelderin durchgefiihrten Versuchen f estgestellt 
werden konnte, dafi sich die Auftragsgeschwindigkeit eines 
Phosphatbelages merklich erhSht, wenn das Blech nicht im kalten 
Zustand in das Bad eingetaucht wird, sondern vorher auf eine 
Temperatur tiber 250°C erhitzt wird. Auf Grund dieser tiber- 
aschenden Tatsache kann das Metallband in sehr kurzer Zeit 
mit einem dicht anliegenden und verhaitnismSfiig dicken Film 
versehen werden. 

Figur 1 zeigt den Verlauf der Auftragsgeschwindigkeit in Ab- 
hSngigkeit von der Temperatur des Bleches bei seinem Eintritt 
in ein bekaniites Bad zur Phosphatierung, welches 8 g/1 Nal^PO^ 
und Phosphorsaure (HgPO^) mit einem pH in der Grossenordnung 
von 4,7 und einer Temperatur von 97° C aufweist. 

- 7 - 
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Es konn-te beobachtet werden, dafi die nach den nachstehend 
beschriebenen Verfahren realisierbare Auftragsgeschwindigkeit . 
noch stark erhSht werden kann, wenn das Blech vor dem Einleiten 
in das Bad einer Vorwarmbehandlung unterzogen wird. Andererseits 
lafct sich durch Einsatz einer L5sung der vorbeschriebenen Art 
die Oxydation des B leches , die sich normalerweise beim Abschrecken 
von einer Temperatur ttber 500°C in beispielsweise destilliertem 
Wasser einstellt, vollstandig vermeiden. 

Auf der Grundlage dieser Betrachtungen ist das erfindungsgemafie 
Verfahren im wesentlichen durch die nachstehenden VerfahrenS- 
schritte gekennzeichnet : 

a) Erhitzcn des Bandes auf eine oberhalb .250° C und ins- 
besondere oberhalb 300°C liegende Temperatur, vorzugs- 
weise unter Schutzgas, wenn die Temperatur der Beheizung 
Uber 500°C betragt, und 

b) Abschrecken des Bandes ix einem Bad mit einer Tmperatur 
von 80°C Oder dariiber, vorzugsweise von 90°C Oder darOber, 
welches Bad ein oder mehrere Phosphate des Types M e (H 2 P0 u ) n 
enthSlt, wobei M R Zn, Ni, Mn Oder ein Alkalimetall sein 
kann, und wobei die Konzentration zwischen 1 und 20 g/1, 
vorzugsweise zwischen 5 und 15 g/1 betragt, und wobei das 
Bad wahlweise noch eine anorganische Saure, vorzugsweise 
Phosphor saure, sowie einen Reaktionsbeschleuniger des 
Types Molybdat und ein nicht schaumendes Detergenz enthalten 
kann. 

ErfindungsgemaB betragt das pH der LSsung vorteilhaft 3 bis 6. 
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Erf indungsgemMfi is*t es erf orderlich, die ncrtwendigen Mengen 
an phosphatierenden Salzen zuzusetzen, urn den Konzentrations- 
ruckgang des Bades zu vermeiden. 

Das zur Anwendung gelangende Metallbad is* besonders vorteil- 
haft ein Stahlband. 

Nach einer abgewandelten Ausftihrungsf orm des erf indungsgemcLBen 
Verfahrens erfolgi: die Beschichtung des Bandes w&hrend der 
Warmebehandlung unter Einfilhrung des Bandmaterials in eine 
heisse w&sserige L6sung zum Zwecke der schnellen Abkilhlung 
nach seiner Rekristallisationsbehandlung und wahlweise darauf- 
folgender Einfiihrung desselben in eine weitere w&sserige heisse 
Losung zwecks abschliessender Ktthlung nach der Gberalterungs- 
Warmebehandlung, wobei die eine bzw. die andere dieser LSsungen 
als ein Phospha-tierungsbad Anwendung finden. 

Es wurde gefunden, da£ das erf indungsgem<i&e Verfahren Aus- 
f tihrungsmtfglichkei-ten aufweist, die eine beliebige Regelung 
der Dicke und der Art: des Phosphatf ilms gestatten. 

Nach einer ersten AusfuhrungsmOglichkeit des erf indungsgema&en 
Verfahrens ist in dem Falle, wo eine Auflage von geringer Dicke 
mit hohem Phosphatgehal"t erf orderlich isi: 5 eine einzige Ein- 
tauchung fiir die Dauer zwischen 0.5 und 40 Sekunden ausreichend. 

Wenn in diesem Falle die Fhosphatierungsbehandlung mit der sich 
an das Rekristallisationsgliihen anschliessenden Abschreckung, 
jedoch ohne Vergatung bei zum Beispiel hochfestem Stahl, kom- 
biniert wird, gelangt die Phosphatierung wShrend der erwahnten 
Abschreckung zur Ausfuhrung. 

- 9 - 
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Auf Grund dieser ErwSgungen und Betrachtungen sei nunmehr 
ane spezielle Behandlung far Bleche nSher erl^utert, die 
zum Tief Ziehen vorgesehen sind: 

a) Erhitzung auf eine Temperatur oberhalb der Rekristalli- 
sationstemperatur des Bleches und Einhalten dieser Tem- 
peratur fQr eine ausreichende Zeitdauer, wobei diese 
Erhitzung und VorwMrmung unter SchutzgasatmosphMre 
durchgefiihrt werden; 

b) Abschrecken in einem Phosphatierungsbad der vorbe- 
schriebenen Art mit einer Temperatur von 8 0°C oder 
hBher, wobei die Badverweilzeit zwischen 0.5 und 4-0 
Sekunden bei einer unter 150°C liegenden Temperatur 
betrMgt ; 

c) sehr grtfndliches Spttlen des Bleches am Badausgang; 

d) VergQten oder Oberalterungsbehandlung durch Erhitzen 
des Bleches auf einer Temperatur zwischen 300°C und 
500°C. 

Nach einer erst en Variante dieser Ausftihrungsf orm der Erfindung 
wird die abschliessende Ktihlung in bekannter Weise derart durch- 
geftlhrt, dajB beispielsweise Strahlen der Umgeb Tings luft zur 
Einwirkung gebracht werden. 

Nach einer zweiten Variante dieser Ausfiihrungsf orm der Erfin- 
dung wird dann, wenn eine dicke Schutzschicht gegen Korosion 
erzeugt werden soil, das Band im Anschluss an die Oberalterungs- 
behandlung erneut in einer Passivierungslosung abgeschreckt , 
die beispielsweise eine Mischung von Cr 3+ - Cr 6+ aufweist. 
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Rrwfh J HE Pyrene Company Limited a 

jiS2! ,,,,ay of ' Grcat West Road" IW 
fond, Middlesex, do hereby declare the In 
vention, for which we pray Sat a pat^ 

*hkVZ d H W 3 ^ d 11,6 -iff* 
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ces^fn^ ™ 1,16 P 1 ^ 1 " invention a pro- 
cess for forming a protective coating on a 

statement:— * uig oxalate, a coatmg acetate or phosphoric 

. It is well known to form protective co„. of ^meS S'S 7 ^ .*« »Wm5 

or tne metal and the quantity of the solu- 
tion applied being such that there fa slb- 
stanually no run-off of solution and a dry 
conversion coating i s formed part of which 
%J™. is t and thenf with™ £y 55 

intermediate rinsing step, rendering the coat 
mg totallv insoluM-. & — _S„ 8 . coat 



20 



. It is well known to form protective coat 
ings on metal surfaces by trcatinT Se 
faces with conversion coating sohftionL ™" 
ftumng materials which will reaa wfth^ 
metal of the metal surface to form an in 
15 l 0 i" 6 , coatin g- Such coatings are vc£ i™™^". ~"*"' B> * uu ^ wjtnout any 
15 frequently formed on surfaces of meals S £1^^?* -^"l 8 . ste P- rendering the coat! 
as zinc^ iron and aluminium. However Tt £Lu^ mSoluble bv W to ft an 
is not always easy readily to^^S " S b,bSlng S ° lution which ream with the" 
having satisfactory properties. Fo S £i f eom P on ^ of the conversion coa£ 
on zinc it is often difficult to produced ^ msoluble Products. 

foTVs? 11 , is -v*** toVSS^i ~" " 

S ££L aversion coatings formed on 
metal surfaces often arc not very adherer 
so that they do not form a wStoEyTSe 
for pamt or other oraanic fi n «h t 7 , 

tne form of a continuously moving strip or 
sheet. In such instances it is clearly iSa£ 

^h t I eC0 K ting - f0rmati0n shoSdbe^S 
pushed in the minimum time possible 

Individual conversion coating processes are 
generally applicable only to "of^EuE 
metal, but it often happens that it would! 
convenient to have a process suiS fS 
"T numbcr of different metals with- 

fn E?? CaU0D - ^ ir oftc " happen wha 
zmc surfaces, such as rhnc z ,uy 
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40 



Hon i. j Ur f ace onto wnicn solu- 

tion is apphed is preferably preheated to 
a temperature of at least 175°fc^suauy o 
a temperature of between 200 o ; SM^c? 
more preferably between 275 and 42J°F Tte 
quanuty of solution sprayed and the tern! 
perature of the metal are Arranged such X 
there ,s substantially no liquid bL3P fa5 
the surface, and it is found that a dry 
smnuajy uniform coating may be^'rmS 

a^wa?S, 0 t n ir S i f rCfCrab ir y Sprayed " sucb 
a way tnat it is, in effect, applied as a 

d?a?\£ r J aCample ¥ gas «omisation such 

beiwe? f< TOpl T,°J n mist have a size 
Detween 15 and 350 microns Such * r^Z 
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75 



zinc surfaces, such as those SB solu, i° n d !f««ted on i 

electroplating' or hot dip g^vanS ff ^ k^ 3 *. ^^tially k thTpcStionl 

or other ferrous surface ft ITSraole To "ttS*, ^ initiaIly ^ ^ surf?^ ^ 

treat also surfaces which are predcSmantlv ^^u PnyUlg ™ ay ^ conducted in any 

of iron or aluminium. P^aonunantly suitable manner, but the particular modi 

{Pr — " of °P erau on wiU usually depend on the tS 
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of articles being treated. Thus, small articles 
may be sprayed by hand, with one or more 
passes of the spray while articles in the form 
of strips or sheets may be passed continu- 
5 ously through one or more stationary spray- 
in- zones. When the metal surfaces to be 
sprayed are galvanised surfaces produced by 
hot galvanising it is particularly convement 
to spray the surfaces while they are sull 
10 hot from the galvanising. 

The auxiliary acid included with phos- 
phoric acid in the conversion coatmg solu- 
tions based on those two materials as the 
principal coating forming ingredients may be 
15 organic or inoFganic. Examples of suitable 
adds are nitric acid, acrylic acid, methacrybc 
acid, polyacrylic acid, adipic acid, acettc acid, 
hyd^oxyacetic acid, gluconic acid, fumaric 
acid, maleic acid, malic acid, malomc acid, 
20 lactic acid, itaconic acid, tartaric j aud, 
ethylene diamine tetraacenc acid, citric acid, 
hydroxymethyl phosphonic acid, oxalic and, 
and chromic acid. Typically, these adds may 
be present in amounts to provide a ratio 
25 of PO, ions to acid in the range of about 
100:1 to about 2:1, with amounts sufficient 
to provide a ratio of from about 10:1 to 
about 4:1 being preferred. 

Materials which can be used as coating 
30 phosphates, oxalates and acetates for form- 
ing conversion coatings on metals are well 
known and generally comprise the phosphate, 
oxalate or acetate of a metal in an aqueous 
acidic solution. For example the principle 
35 coating forming ingredient may be zinc phos- 
phate, ferrous phosphate, feme phosphate, 
nickel phosphate, manganese phosphate, 
calcium phosphate, chromium phosphate, cobalt 
phosphate, aluminium phosphate, cadmium 
40 phosphate, or ferric oxalate. Mixed metallic 
phosphates such as zinc phosphate, zinc iron 
phosphate, zinc calcium phosphate iron man- 
ganese phosphate, may also be used 

It is sometimes desirable to include m the 
45 conversion coating solution based on a coat- 
ing phosphate auxiliary acid such as is listed 
above in amounts such as those mentioned. 
This inclusion is particularly desired when 
the conversion coating solution contains iron. 
50 The conversion coating solutions generally 
contain from 0.1 to 10.0%, preferably 0.3 
to 6.0%, by weight phosphate or phosphoric 
acid (measured as P04). 

In addition to coating phosphates or pnos- 
phoric acid and auxiliary acid the conversion 
coating solutions may also contain various 
other materials, for example accelerators. Such 
materials which may be included include 
nitrates, nitrites, sulphites, halides and halates, 
60 eg bromides, chlorates, bromates, Fer- 
chlorates, iodates and periodates, peroxines, 
permanganates, organic nitro compounds such 
as m-nitrobenzene sulphonatc, nitro guanidine, 
nitro methane, nitro ethane, 1-nitro propane, 
65 nitrobenzene, o-nitro benzaldehyde, p-nitro- 



phenol, p-nitro aniline, p-nitrochloro benzene, 
and picric acid. Other additives which may 
be used in the composition are those whicn 
increase the etching tendency of the solution, 
such as the so-called double fluorides, in- /<> 
eluding fluosilicates, fiuoborates, fluotitanates, 
fiuostannates, fluozirconatcs, and fluo- 
vanadates. . t m 

These additional materials are most con- 
veniently added to an acidic solution of the 
coating phosphate or phosphoric acid in a 
form which is readily dispersible in the acidic 
aqueous solution. Many water dispersible 
forms of these compounds may be used pro- 
vided they have no adverse effect on the ou 
coating composition, the metal substrate, or 
the coatings subsequently produced or applied. 
Typically, such additives may be present in 
the conversion coating composition in amounts 
within the range of 0.01 to 6.0 percent by 85 
weight, and desirably in amounts within the 
range of 0.02 to 4.0 percent by weight. 

Conversion coating compositions based on 
coating phosphates are preferably used at 
P H values from 0.7 to 3.5 while those based 90 
on phosphoric acid are preferably used at 
pH values of from 0.3 to 5.5 and 
the solutions are preferably applied m 
such a manner so as to obtain a coatmg weight 
of phosphate ions of from 10 to 250 milli- 95 
grams per square foot of metal surface be- 
ing treated. Desirably, the coatings obtained 
contain phosphate in the range of about 20 
to 100 milligrams per square foot. 

Part at least of the conversion coatings 100 
produced in the invention are water soluble 
and the coatings are rendered insoluble by 
application of an insolubflising solution. A 
vride range of methods of effecting the in- 
solubilisation may be used it merely being 105 
necessary that the result shall be that it shall 
not be possible to dissolve put part of the 
resulting coating. Thus this step of m- 
solubilising the coating can be considered to 
be one of immobilising or fixing the coat- 110 
in- on the metal surface. The effect of this 
step is to make the previously applied phos- 
phate coating more adherent to a subsequently 
applied paint or similar protective coaring 
and/or to make it provide an improved barrier 1 15 
between the metal substrate and materials, 
for example water, with which it may come 
in contact and which are likely to be cor- 
rosive or to lift the paint from the surface. 
The reaction by which this fixing or un- 120 
mobilisation is accomplished may involve 
neutralization, double decomposition, estennca- 
rion, resinification or organic complex forma- 
tion. Generally two or more of these aspects 
may be present in each case. . 125 

Materials which may be used as the in- 
solubilising ingredients of the insolubdising 
solution include salts of volatile acids, both 
organic and inorganic, preferably of metals 
having a valence of at least 2, although in 130 
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some instances salts of the alkali metals may 
be used, particularly where they are in com- 
plex salts which also contain metals having 
a yaicnce of at least two. Specific salts 
5 which may be used include nitrates, carbon- 
ates, halides, and acetates. Examples of suit- 
able metal cations in these salts are iron, 
both ferric and ferrous, zinc and chromium. 
Additionally, amines may also be used such 
10 as the fatty acid aliphatic amines and di- 
amines wherein the fatty acids are derived 
predominantly from tallow or coconut oil, 
tertiary alkyl amines, hexamethylenediamine, 
monoethanolamine, and amides, such as those 
15 derived from the condensation of unsaturated 
fatty acids such as dilinoleic acid with 
aliphatic amines such as ethylene diamine. 
Oxides and hydroxides, preferably of metals 
having a valence of at least two may also 
20 be used. Typical of these materials are the 
zinc oxides, zinc hydroxides, iron hydroxides, 
both ferric and ferrous, chromium hydroxides, 
and silicon dioxide, preferably as colloidal 
silica. Additionally, metallic salt-oxide corn- 
's 5 plexes may also be used such as pigments 
like zinc yellow, and zinc tetroxy chromate. 
Other materials which may be used include 
various organic resins or polymeric materials 
such as melamine acrylic resins, urea-fonn- 
30 aldehyde and amine resins, urea-aJdehyde 
resins, epoxys such as those prepared by the 
reaction of epichlorohydrin and bisphenol, 
polyvinylacetals, such as polyvinylbutyral, and 
dimethylhydantoin-formaldehyde resin. Prefer- 
35 ably, these latter two materials, i.e., the 
metal salt oxide complexes or pigments and 
the resin materials, are used together rather 
than separately, and desirably in a weight 
ratio of resin to pigment greater than 1.5:1. 
40 Various organic reductants may also be u*ed 
such as dimethylolurea, hexamethylolmelamine 
hydroquinone, pyrocatechol, pyrogulloL, p- 
methylamino-phenyl sulphate, and N-p- 
hydroxyphenylglycinc. 
45 Trivalent chromium compounds such as 
chromium nitrate, chromium acetate, 
chromium carbonate, and chromium phos- 
phate and organic complexes of trivalent 
chromium, such as methacrylato chromic 
50 chloride can also be used. Additionally, 
arnmoniated oxides and ammoniated hy- 
droxides of metals having a valence of at 
least two, for example, zinc, iron, both ferric 
and ferrous, and chromium, may also be 
55 used, either as such or in combination with 
colloidal silica. In many instances, with these 
materials, it is preferred also to include 
colloidal silica with the ammoniated oxide 
or hydroxide. 
60 Various combinations of resins, such as 
polyvinyl butyral and a pigment, such as 
zinc tetroxy chromate have given excellent 
results. Dimethylhydantoin-formaldehyde resin 
with zinc yellow has also given good results. 
65 Typical concentrations of insolubilising in- 



gredient, or mixture or ingredients, arc from 
0.1 to 6 / 0 by weight of the solution applied, 
with concentrations of from 03 to 1% pre- 
ferred. Typical of the amount of insolubilis- 
ing ingredient which may be deposited may 70 
be from 1 to 100 mg/sq. foot, while amounts 
of from 15 to 500 mg/sq. foot are preferred. 

The insolubilising solution may be applied 
onto an unheatcd surface, for example a 
surface having a room temperature of, for 75 
example, from 65 to 75 °F. Preferably how- 
ever the surface onto which the composition 
is applied is preheated to a temperature of 
at least 175°F, preferably from 200 to 600°F 
although in general it is preferred that the 80 
upper limit on the temperature range should 
be below 350°F. The application may be 
effected by any convenient method, for ex- 
ample by roller coating, by immersing, by 
flooding or by spraying. However, the spray- *5 
ing technique described above and which 
which results in there being substantially no 
run-off is the preferred method of applica- 
tion. Provided that the conditions of applica- 
tion are appropriate the insolubilising in- 90 
gredients bring about insolubilisation of the 
unreacted ingredients of the coating very 
quickly, the insolubilisation generally being 
effected substantially simultaneously with the 
application of the solution. 95 

It is well known that it is desirable to 
stabilise conversion coatings by treating them 
with a chromium-containing compound. This 
treatment, in conventional processes, gener- 
ally takes the form of a chromate rinse. The 100 
stabilisation is carried out to improve the 
properties of the conversion coating. It is 
desirable to improve the properties of the 
conversion coatings formed in the process 
of the invention similarly, treating them with 105 
trivalent or hexavalent chromium as a 
stabiliser. The stabilising treatment may be 
effected by including a suitable chromium 
compound in the insolubilising solution or it 
may be effected by treating the coated sur- 110 
face with a chromium-containing stabilising 
solution subsequent to the insolubilisation of 
the coating. Examples of stabilising solutions 
which may be applied subsequently to the 
insolubilisation are acidic aqueous solutions 115 
or suspensions of chromates and dichrom'ates 
of metals having a valency of at least two. 
Examples of such materials are zinc chromate 
and dichromate, aluminium chromate and di- 
chromate, calcium chromate and dichromate, 120 
iron, both ferric and ferrous, chromate and 
dichromate, cobalt chromate and dichromate, 
and nickel chromate and dichromate. Addi- 
tionally, in many instances, aqueous solu- 
tions of chromic acid (CrO s ) may also be 125 
used. The chromic acid may be used as such, 
or if desired it may be combined with other 
materials, such as aluminum oxide, colloidal 
silica, water glass, solution of zinc oxide 
and . ammonium hydroxide, or solutions of 130 
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zinc oxide and ammonium hydroxide con- 
taining silica. These latter mixtures, of 
chromic acid combined with other materials, 
are examples of solutions which act both as 
5 insolubilising and as stabilising solutions. 
When solutions such as these are used it is 
generally only necessary to carry out a two 
stage process, although even if a chromium 
containing insolubilising solution is used it 
10 is sometimes desirable still to subject the 
surface to a stabilising treatment. Examples 
of other solutions which may be used to 
effect both insolubilisation and stabilisation 
of the conversion coating are solutions of 
15 resin compositions such as dimethyl bydantoin- 
formaldehyde resins containing pigment 
materials such as the zinc yellows and zinc 
tetroxy chromate, zinc bichromate with 
colloidal silica, and ferric hydroxide and 
20 colloidal silica compositions containing 
chromic acid. 

In some instances trivalent chromium may 
be used as the stabilising material, examples 
of suitable trivalent materials being chromium 
25 salts such as chromium acetate, chromium 
phosphate, chromium nitrate, and chromium 
carbonate. Additionally, organic complexes of 
trivalent chromium, such as methacrylato 
chromium chloride may also be used. Gener- 
50 ally such trivalent chromium materials arc 
used in the insolubilising composition, so 
that the application of a separate stabilizing 
composition may not be essential. However, 
in some instances, particularly when the con- 
35 version coating solution was based on phos- 
phoric acid and auxiliary acid, a subsequent 
chromate rinse may be very desirable. When 
a chromate stabilising composition is applied 
as a separate step the concentration of 
40 chromate, calculated as Cr0 2 , is typically 
from 0.01 to 2% by weight, while amounts 
of from 0.1 to 1% are preferred. The pre- 
ferred weight of coating obtained by the 
stabilising treatment may typically be be- 
45 tween 0.1 and 20 mg/sq. ft. while weights 
of from 1 to 8 mg/sq. ft. arc preferred. When 
the chromium stabilising compound is in- 
cluded in the insolubilising solution it is 
preferred that it is included in such amounts 
50 as to yield the same coating weights of 
chromate. The application of a chromium 
stabilising solution may be effected in any 
convenient manner, for example by immer- 
sion or by roller application, although spray- 
55 ing methods are preferred. The application 
can be effected on un heated surfaces, for 
example surfaces having room temperatures 
of for example, 65 to 75°F., although prefer- 
ably the surfaces are preheated to tempera- 

64 tures above 200°F, maximum temperatures 
of up to 400°F, or more preferably up to 
350°F, being permissible. It is particularly 
preferred to carry out the application by the 
spraying process described in detail above 

65 with a surface temperature of above 200°F. 



The process of the invention is most con- 
veniently carried out by passing the articles 
to be coated continuously through a series 
of spray zones in which the articles are 
subjected to either two or three different 70 
spray treatments, depending on whether or 
not the chromium stabiliser is included in 
the insolubilising solution. The articles be- 
ing treated may, for example, be galvanised 
surfaces produced immediately previously by 75 
a hot dip process and may be in the form 
of sheet or coil. Typical of the speed of 
travel of the metal articles which may be 
used arc speeds of 10 to about 500 feet per 
minute. 80 

The process of the invention has many 
advantages. It is a high speed process and 
it can be carried out so that there is no 
need to subject the conversion coating to a 
rinse. The process can be carried out so that 85 
all the reacting solutions being used are 
used up at once with the result that there 
is no recycling of them. As a result the con- 
trol of the process is very simple, there being 
no necessity to continuously analyse the solu- 90 
tions being used. The corrosion and paint 
adhesion properties of the coatings produced 
by the invention arc good and the coatings 
prevent white corrosion on storage of hot- 
dip galvanised articles. The corrosion and 95 
paint adhesion properties of the coatings do, 
however, vary to a certain extent from one 
process to another and from one metal article 
to another. A further advantage of the in- 
vention is that it is possible to subject 100 
galvanised articles having the coatings to 
a subsequent temper roller without any un- 
due loss of quality of the coatings produced. 
The coatings produced by the invention pre- 
vent staining of zinc surfaces during storage. 105 

To exemplify the invention conversion coat- 
ings were formed by the process of the in- 
vention on galvanised surfaces produced by 
a high speed continuous hot dip process and 
the coated surfaces were painted with an no 
alkyd-melaminc baking enamel paint and then 
subjected to corrosion and paint adhesion 
tests. In each process galvanised surfaces 
were cleaned with solvent and then heated 
to a temperature of from 275 to 325 °F, gener- 115 
ally about 300°F and coatings were then 
formed by the process of the invention using 
the spray technique described in detail above. 
The conversion coating solutions generally 
contained about 1% phosphate, measured as 120 
P0 4 , and were applied to yield a conver- 
sion coating weight of from 40 to 50 mg/foot. 
The insolubilising solution generally had a 
concentration of 0.4 percent and was applied 
at a coating rate of 15 to 35 milligrams 125 
per square foot while the stabilizing com- 
position generally had a CrO- content of 0.2 
percent and was applied to yield a chromate 
coating weight of about 3 milligrams per 
square foot. 130 
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One test carried out was the salt spray 
test ASTM B117— 61 with painted 
panels scribed as given in ASTM test 
D — 165461. This uses a 5 percent sodium 

5 chloride fog. The ratings given depend on 
the creepage from the scratch, given in 1/16 
of an inch. Ratings given as spot (S) indicate 
no creepage except in a small area. In the 
humidity test, panels were exposed in a 

10 walk-in room at 100 percent relative humidity 
at 100°F, for the designated period of time. 
The blistering was rated according to ASTM 
designation D714 — 56 and is reported as 
follows. D — dense; AID medium dense; M — 

15 medium; FM — few medium; F — few; and 
VF--very few. In both the salt spray and 
humidity tests, unless otherwise indicated, 
the exposure time was 504 hours. In the 



physical test, adhesion is determined by knife 
blade and the results are rcuorted on the 20 
scale of 0 to 10, where 10 is excellent, 8 
is good, 6 is fair, 4 is poor, 2 is very poor, 
0 is complete loss of adhesion. In the form- 
ing test, painted panels were subjected to a 
severe deformation producing parallel short 25 
radius right angle bends and paired three 
dimensional short radius shoulders in one 
operation. Failures or degrees thereof are 
shown by percentage peeling of the paint. 

The results are shown in the Table below. 30 
For comparative purposes similar processes 
and tests were carried out in which an in- 
solubilising coating step was omitted. 

These examples are also included in the 
Table and are numbered with an X. 35 
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Example 78 
The procedures of Examples 36, 37 and 
38 were repeated with the exception that 
the coating compositions were applied to 

5 paneJs of coJd rolled steel, rather than zinc 
panels. Additionally, in the case of Example 
36, the quantities of the components of the 
immobilizing coating composition were 
quadrupled and in the case of Examples 37 

10 and 38, the amounts of these components 
were doubled. In each instance, the knife 
adhesion and forming test results were 10 
and 0, respectively. 

Example 79 

15 A series of runs was made wherein the 
conversion coating was an aqueous solution 
containing from 0.1 to 0.5 percent acetic 
acid and oxalic acid in the amounts of 0.1, 
0.2, 0.5, and 1 percent. In the four runs 

20 made, the temperatures of the galvanised 
panels onto which the coating was misted 
were 200°F, 250°F, 300°R and 375°F. In 
each instance, the application of the con- 
version coating material was followed by a 

25 mist-on application of a 0.2 percent aqueous 
solution of CrO s . The typical results obtained 
on testing the painted panels showed from 
0 to 3 creepage after 504 hours in the salt 
spray, blister failure only after 504 hours 

30 in the humidity test and fair to good knife 
adhesion and forming tests. 

Example 80 
The procedure of Example 79 was re- 
peated with the exception that the conversion 
35 coating composition was a ferric oxalate solu- 
tion containing 0.5 percent iron which was 
applied to panels which were at a tempera- 
ture of 375°F. The test results on the painted 
panels showed good humidity and physical 
40 test ratings. 

Example 81 
Galvanised panels were preheated to pro- 
vide surfaces at 300°F. The ferrous phosphate 
conversion coating solution of Example 5 

45 was then misted onto these surfaces in a 
series of runs designed to obtain a wide range 
of coating weights on the surface. In the 
first series of runs, the number of passes of 
the spray gun over the surface was varied 

50 from 1 to 4 and the coating weights obtained 
varied in the amount of P0 4 from 29 to 
86 milligrams per square foot In the next 
series of runs, the times for each pass over 
the panels were varied from 1 — 6 seconds 

55 and coating weight variations, in terms of 



PO, content were obtained within the range 
of about 14 to about 83 milligrams per square 
foot. In the third series, the P0 4 concentra- 
tion of the ferrous phosphate solution was 
varied within the range of about 0.5 to about 60 
5 percent and there were obtained coating 
weights within the range of about 20 to 
about 250 milligrams P0 4 per square foot. 
Thereafter, in each instance, an aqueous Cr0 3 
solution was misted onto the panels to pro- 65 
vide a coating containing 3 milligrams per 
square foot of CrO s . The paint bonding 
performances of the surfaces produced were 
then evaluated and in all instances, these 
were acceptable although better paint bond- 70 
ing was obtained when the P0 4 coating weight 
was within the range of about 20 to about 
100 milligrams per square foot. 



_ Example 82 

The procedure of the preceding Example 75 
was repeated several times using the follow- 
ing temperatures of the zinc metal surface 
being coated: 175°, 200°, 225°, 275°, 300°, 
325°, 375°, 400°, 425 c and 500°F. In each 
instance, an excellent coating was obtained, 80 
although at the lowest temperatures of 175°F, 
the coating was somewhat spotted. 

Example 83 
The procedure of Example 20 was re- 
peated using the same conversion coating 85 
composition followed by the immobilizing 
composition of Example 20 and the stabiliz- 
ing composition of Example 6. In this ex- 
ample, however, these coatings were applied 
to panels of cold rolled steel and aluminium, 90 
rather than zinc. In each instance, the coat- 
ing obtained gave very good results in the 
salt spray and humidity test and a 10 rat- 
ing in the knife adhesion and no peeling in 
forming tests were obtained, respectively. 95 

Example 84 
A phosphate composition which was .01 
molar Zn, .01 molar Ni, 0.1 molar PO„ 
0.04 molar NO- was misted onto commercial 
galvanised panels to provide 40 — 50 milli- 100 
grams P0 4 per square foot, after which a 
fixer solution containing 1.5 percent dimethyl- 
hydantoin-formaldehydc resin and sufficient 
zinc dichromate to give 0.2 percent Cr0 3 
was misted on, at a rate to provide 3 milli- 105 
grams Cr0 3 per square foot. The panels 
were then painted with a vinyl baking paint 
and excellent salt spray, humidity and 
physical tests were obtained as shown below; 
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Salt Spray Humidity Adhesion Forming 
Zincdichromatc control N,* VF, F 3 80% peel 

DMHF Zinc dichromatc N,N VF, F 10 0 



N = zero creepage 

* failed in 48 hrs. (major peeling) 

Example 85 
A ferrous phosphate solution containing 
1.8% PO.„ 0.25% NO r „ 0.15% Fe was 

5 misted on 300°F galvanised panels to give 
40 — 50 milligrams P0 4 per square foot and 
was followed by an aqueous resin soluble 
chromate composition, misted on to provide 
3 milligrams CrO- per square foot. This 

10 latter composition contained 1.5 percent di- 
methylhydantoin-formaldehyde resin and 
sufficient zinc dichromate solution to give 
0.2 percent CrO a . On panels painted with 
a high temperature baking vinyl, this treat- 

15 ment improved the knife adhesion from 7 to 
10, when compared to the use of zinc di- 
chromate without the resin present. 

Example 86 
A series of zinc and nickel phosphate solu- 
20 tions were misted onto commercial galvanised 
panels at 300°F in an amount to obtain a 
coating weight of 40 — 50 milligrams P0 4 
per square foot. 

The metal content of the phosphate solu- 
25 tions was .02 molar with approximately 0.1 
molar P0 4 and 0.04 molar NO 0 . The Zn/Ni 
ratio was varied as follows: 1:0, 2;1, l;l a 
1;2, and 0:1. A further variant was intro- 
duced by adding H 2 SiF 0 at 0.0 to 02 per- 
30 cent. 

The phosphate coasting was followed 
quickly with a fixer prepared from: zinc 
yellow pigment 0.5%; Si0 2 0.05% diniethyl- 
hydantoin-formaldehyde resin 1.5%. 
35 This composition was misted to provide 
approximately 3 milligrams CrO c per square 
foot. 

These coatings were painted with a high 
temperature vinyl composition. All variants 
40 showed excellent performance in accelerated 
and physical tests. 

A similar series was made with the metal 
level raised to 0.05 molar also with excellent 
results. 

45 The process of Examples 61 to 77 have 
been repeated using other auxiliary acids in- 
cluding chromic acid, glycolic acid, acrylic 
acid, adipic acid, hydroxymethyl phosphonic 
acid and other insolubilising materials in- 

50 eluding tertiary alkyl amines, hexamethylene 
diamine, monoethanol amine, butanol, poly- 
propylene glycol, resorcinol, dimethylol urea, 
hexamethylol melamine, hydroquinone, pyro- 



gallol and ammoniated iron oxide and the 
like, applied both to metal heated before and 55 
after the application of the conversion coat- 
ing, using roll-on and immersion techniques 
as well as spraying techniques, and compar- 
able results were obtained. 

WHAT WE CLAIM IS:— o0 

1. A process for forming a protective 
coating on a metal surface which comprises 
preheating the metal and spraying onto it 
a conversion coating solution of which the 
principal coating-forming ingredient is a 65 
coating phosphate, a coating oxalate, a coat- 
ing acetate or phosphoric acid with an 
auxiliary acid, the temperature of the metal 
and the quantity of the solution applied be- 
ing such that there is substantially no run- 70 
off of solution and a dry conversion coating 

is formed part of which at least is soluble, 
and then, without any intermediate rinsing 
step, rendering the coating totally insoluble 
by applying to it an insolubilising solution 75 
which reacts with the soluble components 
of the conversion coating to form insoluble 
products. 

2. A process according to claim 1 in which 

the insolubilising solution contains trivalent 80 
or hexavalent chromium. 

3. A process according to claim 1 in which 
the protective coating formed is subsequently 
treated with a solution containing hexavalent 
chromium. 85 

4. A process for forming a protective 
coating on a metal surface which comprises 
preheating the metal and spraying onto it 
a conversion coating solution of which the 
principal coating-forming ingredients is a 90 
coating phosphate or is phosphoric acid with 

an auxiliary acid, the temperature of the 
metal and the quantity of the solution applied 
being such that there is substantially no run- 
off of solution and a dry phosphate conver- 95 
sion coating is formed in which there remains 
unreached, soluble coating-forming ingredient, 
and then, without any intermediate rinsing 
step, rendering the coating totally insoluble 
by applying to it an insolubilising solution 100 
which reacts with the unreacted coating- 
forming ingredient by double decomposition, 
neutralisation, esterincation, resinification or 
organic complex formation to form insoluble 
products, the protective coating being stabilised 105 
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by including trivalent or hexavalent chromium 
in the insolubilising solution or by sub- 
sequently treating it with a solution contain- 
ing hexavalent chromium. 
5 5. A process according to any one of 
the preceding claims in which the metal sur- 
face is a zinc surface. 

6. A process according to claim 5 in which 
the zinc surface is formed by hot galvanising 

10 a ferrous surface and the conversion coating 
solution is applied to the galvanised surface 
while this is still hot from the galvanising. 

7. A process according to claim 6 in which 
the protective coating is subsequently stabilised 

15 by spraying it with a solution containing hexa- 
valent chromium while the surface is still 
hot. 

8. A process according to any one of 
the preceding claims in which the conversion 

20 coating solution contains from 0.3 to 6.0% 
by weight of coating phosphate, (measured 
as PO<). 

9. A process according to any one of 
claims 1 to 7 in which the conversion coat- 

25 ing solution contains from 0.3 to 6.0% by 
weight of phosphoric acid (measured as P0 4 ) 
and contains also an auxiliary acid in a pro- 
portion of phosphoric acid to auxiliary acid 
of from 100:1 to 2:1. 

30 10. A process according to claim 9 in 
which the proportion of phosphoric acid to 
auxiliary acid is from 10: 1 to 4:1. 

11. A process according to any one of 
the preceding claims in which the auxiliary 

35 acid is nitric acid. 

12. A process according to any one of 
the preceding claims m which the conversion 
coating solution additionally contains an 
accelerator. 



13. A process according to any one of 40 
the preceding claims in which the insolubilis- 
ing solution contains as insolubilising in- 
gredient a salt of a metal having a valency 

of greater than 2 with a volatile acid, an 
ammoniated oxide or hydroxide of such a 45 
metal, a metal salt-oxide complex, an amine, 
an organic resin, a mono-, di-, or poly- 
hydroxy alcohol, an organic reductant, or an 
organic complex of trivalent chromium. 

14. A process according to any one of 50 
claims 1 to 12 in which the insolubilising 
solution contains as insolubilising ingredient 
colloidal silica, alone or with other insolubilis- 
ing ingredients. 

15. A process according to claim 13 in 55 
which the insolubilising ingredient is zinc 
oxide or zinc hydroxide dissolved in ammonia. 

16. A process according to claim 15 in 
which the solution additionally contain col- 
loidal silica. 60 

17. A process according to claim 13 in 
which the insolubilising coating solution is 
an aqueous solution of dimethyl hydantoin- 
formaldehyde resin. 

18. A process according to claim 17 in 65 
which the aqueous solution additionally con- 
tains zinc yellow pigment. 

19. A process according to claim 1 sub- 
stantially as herein described with reterence 

to any one of the Examples. 70 

20. Articles coated with a protective coat- 
ing by a process according to any preceding 
claim. 

Fox the Applicants: — 
GILL, JENNINGS & EVERY, 
Chartered Patent Agents, 
51/52, Chancery Lane, 
London, W.C.2. 



Leamington Spa: Printed for Her Majesty's Stationery Office, by the Courier Press, 
— 1967. Published by The Patent Office, 25 Southampton Buildings, London, W.C.2, 
from which copies may be obtained. 



BNSDOCID: <GB. 



.1076678A_L> 



(19) 



J) 



(12) 



t"u,opalsches Patenter^ 

European Patent Office 
Office europeen des brevets 



(43) Vcroffontlichungslag 

02.07.1997 Patentblatt 1997/27 

(21) Anmeldenummer. 96810886.0 

(22) Anmeldetag: 20.12.1996 

(84) Benannte Vertragsstaaten- 
AT DE FR IT NL 

(30) P, o„ h, 23.12.1995 DE 19548740 

(71) Arrncwo, ABB RESEARCH LTD 
8060 Zurich (CH) 



EUROPAISCHE PATENTANMELDUNG 




(51) <n« 0, 6. 0230 22/68, C23C 8/16 



{?2) S^Z^^^*^ 
8152 Opflkon (CH) 

(74) Vertreter Popper, Evamaria, Dr etel 
Aeea Brown Boverl AG 

Immaterialguterrecht(TEi) 
Haselstraeee 16/699 1 
S401 Baden (CH) 



I ' »aoon(UM) 

Bo-cnom Vor,« nf0 n , ur Oberflachenr-^ - 9 ^ 



systemen wobo. d.o Motali h,j! "eaktionsharz- 
gierungen in Wasser bei Temn^f, A,umin, "nile- 



Raumtemperatur bis maximal 500 »c „„h w * . 
umlegierungen bei TempeX^im Jl A ' Umini - 
scheidungshartung der ,ewe Sn 7, ^ *' AtJS " 
warmebehandeft.IusLrh^ 

sung mit 0.01 bis 2 0 Go J? J£j f ubs ^te ,n emer L6- 
Substanzerlolgen Esbi^tln meta " or 9aniscr 1 en 




o 

CO 



Q. 

Ill 




FIG. 4 



Pmtedbyjouve, 75001 PARIS (FR) 



-0781860A1J > 



EP 0 781 860 A1 



Beschrelbung 
Technischos Goblet 



10 



15 



20 



25 



30 



35 



40 



Technischos Goblet w er1ahr en zur Oberflachenbehand- 

jtsir^^"^ 2 

tionsharzsystemen zu erzielen. 

McCarv.l, W.T Bel. J P " m e _ g?4 (2) s 33 5-342. 

pints'. J. App.. Polym. Sc,, 18. 1974 (2). S^ntverbunde zwischen 

Die W<™**T^™™^^7sX«e BHoung einer Hydratschicht m, 

bei einer Hydratisierung 

peraturen zu erretchen. 



45 



50 



2 



